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ABSTRACT 
Nonpoint Source Pollution to Bear Lake 
Utah - Idaho: Magn itude, Per i od i city, and 
Watershed Management Alternatives 
by 
Victor J. Kollock, Master of Science 
Ut ah State Un ivers ity, 1983 
~lajor Profes sor: Dr. V. Dean Adams 
Department: Civil and fnvironmental Engineering 
From April of 1981 to June of 1982, a Clean Lakes Program Phase . 
1 Diagnostic Feasbility Study was conducted on Bear Lake, a 282 km 2 
(109 mi 2) fresh-water lake located in southeastern Idaho and 
northeastern Utah. A portion of this Clean Lakes Program required 
an itemized inventory of all nonpoint sources affecting the lake's 
water qua 1 ity. 
A 16 month lake tributary monitoring program, which included the 
spring runoff periods of 1981 and 1982, provided data from which 
nutrient loading values (kg/day and kg/yr) were calculated. Analysis 
of these data, along with land use percentages within the Bear Lake 
Basin, allowed for the determination of the lake tributaries that were 
major nutrient contributors. 
Graphs of loading values (kg/day) over time for the major con-
tributors provided a means to analyze the periodicity of nutrient 
loading. 
Management alternatives were then selected using the nonpoint 
source pollution inventory which included information on atmospheric 
inputs and septic seepage. Management alternatives were based upon 
technical feasibility and expected water quality improvement. 
xiv 
(189 pages) 
INTRODUCTION 
Bear Lake is an interstate body of water located in southeastern 
Idaho and northeastern Utah (Figure 1). The major morphometric 
parameters of Bear Lake are presented in Table 1. 
The lake lies in the Bear Lake Valley, a broad depression which 
resulted from a long history of recurrent faulting [Kaliser, 1972]. 
Adjacent to the north end of Bear Lake is a 65 km2 (25 mi 2) freshwater 
marsh. ,Dingle Marsh, or Dingle Swamp as it is also known, is separated 
from the lake. In 1968, a portion of the marsh was designated as a 
National Wildlife Refuge. 
Dating of sediments from Bear Lake indicate that the lake has a 
minimum age of at least 28,000 before present (B.P.) [Williams et al., 
Table 1. Morphometric parameters of Bear Lake, Utah-Idaho. 
Parameter 
Maximum Length (1) 
Maximum Width (b) 
Area (A) 
Volume (V) 
Maximum Depth (zm) 
Mean Depth (z) 
Relative Depth (zr) 
Shoreline (L) 
Shoreline Development 
Note: Relative Depth (zr) = 
30.4 km 
12.2 km 
282.2 km2 
2876.4 x 106 m3 
63.4 m 
10.2 m 
77 km 
Shoreline Development (DL) 
L 
34% 
1.3 
18.9 mi 
7.6 mi 
109.0 mi2 
2,332 x 103 acre-ft 
208.0 ft 
33.5 ft 
48 mi 
2 
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UTAH 
42°001 _________ - ___ LDAtL° ________ - __ - _______ _ 
UTAH 
-
Smithfield 
OI234;? 
Scole in Mi~s J 
111°130' .----------------------------------~~. ~-------------------
Figure 1. Location map for Bear Lake, Idaho-Utah [Davidson, 1969J. 
1962J. Through its long history of isolation, Bear Lake developed a 
unique set of physical, chemical, and biological characteristics. For 
example, Bear Lake has four endemic fish species, more than any other 
lake in North America. 
3 
The geology of the Bear Lake Basin is comprised of carbonates, 
shales, and sandstones of the lower Paleozoic through the middle 
Mesozoic Age. Lake tributaries, springs, and groundwater seepage that 
interface with these rock formations are probably the main £ontributors 
to the lake!s chemistry during its isolation. 
Bear Lake is a multi-use resource. The three principal uses of 
Bear Lake at the present time are agriculture water supply, water 
storage for electrical power production, and recreation [Andrews and 
Dunaway, 1975J. 
Prior to 1911, Bear Lake had no direct connection with the Bear 
River drainage (the largest drainage in the North American Continent 
not reaching the ocean) [Kaliser, 1972J. In 1909, the Telluride Power 
Company began to convert Bear Lake into a storage reservoir. Utah 
Power and Light (UP&L) took over the project in 1912. In 1918, the 
construction of a pumping station at Lifton and inlet and outlet 
canals through Dingle Marsh connecting the Bear River with Bear Lake 
was completed. The purpose of the Bear River-Bear Lake system project 
was to divert the Bear River into Bear Lake during the spring runoff 
period and to release the stored water from Bear Lake during other 
times of the year. The level of Bear Lake fluctuates as requirements 
for irrigation and power generation dictate, subject to regulation as 
provided by the Bear River Compact; a tri-state (Wyoming, Idaho, and 
Utah) legislative document signed in 1958 by .then President Eisenhower. 
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Previous Studies 
In 1912, a research team led by George Kemmerer studied Bear Lake 
to determine the fish production potential [Kemmerer et al., 1923J. 
Water samples were collected for complete chemical analysis by the 
u.s. Bureau of Chemistry. The results of that analysis showed that 
magnesium was the dominant cation followed in order by sodium, potas-
sium, and calcium. This was unusual in that the common order of 
abundance in natural waters is calcium, magnesium, sodium, and potas-
sium [Hutchinson, 1957J. The magnesium to calcium ratio, in terms of 
concentration, was 37:1 (Table 2) where a ratio of 1:2 would be 
typical for a fresh water lake. 
The chemical composition of Bear Lake water in 1912 is character-
istic of lake water resulting from a period of evaporative concentra-
tion [Hutchinson, 1957; Garrels and Mackenzie, 1967J. During the 
concentration of natural water, calcium concentrations will increase 
until the solubility product of ~alcium carbonate is exceeded after 
which calcium will precipitate. Magnesium, sodium, and potassium 
continue to increase since their salts are much more soluble. The 
result is an enrichment of these elements with respect to calcium. 
Subsequent analyses of Bear Lake water indicate a progressive dilution 
Table 2. Bear Lake magnesium and calcium data. 
Mg++ 
(mg/l ) 
152.0 
70.6 
Ca++ 
(mg/l ) 
4.1 
24.2 
M ++ C ++ g : a 
37:1 
3:1 
Reference 
Kemmerer et al. (1923) 
Fuller (1975) 
resulting from the input of Bear River water [Nunan, 1972J. Fuller 
[1975J found the magnesium to calcium ratio had been reduced to about 
3 : 1 ( Tab 1 e 2). 
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Concern for the water quality and potential d~gradation of the 
lake has also been the subject of several studies. A comprehensive 
study by Fuller [1971J focused upon determining the extent, sources, 
and possible control measures for pollution in the Bear Lake ecosystem. 
One of the recommendations of the Fuller study was the creation of a 
regional planning commission, modeled after the Lake Tahoe Planning 
Commission, to oversee development within the entire Bear Lake Basin. 
In 1973, the Bear Lake Regional Commission was formed. The commission, 
a bi-state, bi-county organization serves Bear Lake County, Idaho, and 
Rich County, Utah. The organization serves to coordinate and enhance 
the development and protection of Bear Lake and its environs. 
In 1970, Rich County, Utah, contracted for a comprehensive master 
plan fu 'nded by the Department of Housing and Urban Development under 
the Urban Planning Assistance Program authorized by Section 701 of the 
amended Housing Act of 1954. Work by Wood [1972J addressed the 
adequacy of the Rich County 701 Plan in controlling the pattern and 
intensity of land use around Bear Lake. Nunan [1972J completed a 
study on the effect of Bear River storage on the water quality in Bear 
Lake. This work examined the changes which have occurred in Bear Lake 
water chemistry since 1912 when Bear River water began entering the 
lake system. Street [1973J examined the impact of land use development 
on the water quality of Bear Lake. His work predicted increasing 
nutrient and pathogenic organism concentrations in the lake and the 
6 
presence of algal blooms resulting from land use changes and subsequent 
impact. Andrews and Dunaway [1975J examined the social changes in 
uses of Bear Lake. 
National Eutrophication Survey 
The Environmental Protection Agency's National Eutrophication 
Survey (NES) originated in 1972 in response to administration commit-
ment to investigate the nationwide threat of accelerated eutrophication 
to freshwater lakes and reservoirs. From 1972 to 1976, data were 
collected from a nationwide network of 928 nonpoint source watersheds. 
Bear Lake was one of 27 Utah lakes and reservoirs studied by the NES 
study in 1975. The study indicated that Bear Lake was oligotrophic 
and ranked first in overall trophic quality compared to the other 
lakes and reservoirs studied in Utah. The 1975 NES study estimated 
that the phosphorus loading to Bear Lake (0.09 g P/m2/yr) was at a 
mesotrophic loading level. EPA noted that if the existing oligotrophic 
characteristics of Bear Lake are considered desirable, the loading 
should be reduced to the oligotrophic loading level (0.07 g P/m2/yr) 
[EPA, 1977J. 
Clean Lakes Program 
Section 314 of the Federal Water Pollution Control Act Amendments 
of 1972 (Public Law 92-500, now known as the Clean Water Act of 1977; 
P.L. 92-217) directed the United States Environmental Protection Agency 
to assist the states in controlling sources of pollution which affect 
the quality of freshwater lakes, and in restoring lakes which have 
7 
deteriorated in quality. EPA fulfilled this mandate with the Clean 
Lakes Program, which provided technical and financial assistance to the 
states to: 
1. Classify publicly owned freshwater lakes according to trophic 
condition; 
2. Conduct diagnostic studies of selected publicly owned lakes, 
and develop feasible pollution control and restoration programs for 
them; 
3. Implement lake restoration and pollution control projects. 
The Clean Lakes Program operated through three types of cooper-
ative agreements: (1) State Lake Classification Survey, (2) Phase 1 -
Diagnostic Feasibility Study, and Phase 2 - Implementation. The 
following text provides a brief summary of each cooperative agreement. 
Lake Classification Surveys 
In 1978, EPA announced the availability of financial assistance 
for performing statewide lake classification surveys. The funding was 
provided to: 
1. Identify and classify publicly owned freshwater lakes accord-
ing to trophic condition; 
2. Establish a priority ranking for lakes determined to be in 
need of restoration or protection; and 
3. Conduct feasibility studies to determine methods and pro-
cedures to protect or restore the quality of priority lakes. 
Phase 1 - Diagnostic Feasibility Studies 
A diagnostic-feasibility study is a two-part study designed to 
evaluate a lake's current condition and to develop a proposed program 
for lake restoration and protection. The diagnostic portion is a data 
gathering and analysis effort. It involves the collection of suffi-
cient limnological, morphological, demographic, and socioeconomic 
information about the lake and its watershed. Analysis of this 
information is used as the basis for proposing lake management alter-
natives. 
The feasibility portion of a Phase 1 study extends from the 
diagnostic effort. Its purpose is to identify and evaluate possible 
techniques for restoring and/or protecting lake water quality to 
maximize public benefits; to provide sufficient technical, environ-
mental, socioeconomic, and financial information to enable decision-
makers to select the most cost-effective techniques; and to develop a 
technical plan for using the techniques selected. 
Phase 2 - Implementation Programs 
8 
The purpose of a Phase 2 cooperative agreement is to implement 
recommended methods for controlling nonpoint source pollutants from 
entering a lake, to implement in-lake methods to improve lake quality, 
or to implement a combination of watershed and lake management measures. 
Bear Lake Phase 1 Diagnostic Feasibility Study 
Bear Lake was not a priority on the State of Utah's lake classifi-
cation survey in terms of seeking Clean Lakes Program assistance. The 
State of Idaho, however, sought Clean Lakes Program funding although 
it had not completed its statewide lake classification survey. On 
February 4, 1981, a cooperative agreement was awarded to the Idaho 
Department of Health and Welfare to conduct a Phase 1 - Diagnostic 
Feasibility Study of Bear Lake. 
The overall study consisted of various tasks and work elements 
consistent with the protocol outlined by EPA for the conduct of a 
Phase 1 study. This thesis will address that portion of the study 
which required an itemized inventory of all nonpoint sources- affecting 
the water quality of Bear Lake. 
9 
RESEARCH OBJECTIVES 
The following elements comprise the study objectives which were 
concurrent with the EPA Phase 1 Diagnostic Feasibility Study of Bear 
Lake with respect to an itemized inventory of all nonpoint sources 
affecting the water quality of Bear Lake. 
1. Determine land use percentages within the watersheds com-
prising the Bear Lake Basin using available data and area maps. 
2. Collect water quality data on lake tributaries over a 
16-month sampling period. 
3. Determine constituent loading to Bear Lake via lake tribu-
taries based upon data collected during sampling period. 
10 
4. Estimate the constituent loading to Bear Lake from atmospheric 
inputs, septic seepage, and groundwater influx. 
5. Examine the magnitude and periodicity of the constituent 
loading entering Bear Lake via lake tributaries. 
6. Examine the data for possible relationships between watershed 
land use and constituent loading. 
7. Prescribe watershed management alternatives to reduce con-
stituent loading based upon expected water quality improvement, 
technical feasibility, environmental impacts, and estimated costs. 
11 
LITERATURE REVIEW 
Watershed Land Use/Water Quality Relationship 
With respect to current knowledge in lake restoration, the 
action most likely to achieve long-term beneficial results is the 
control of the influx of nutrients from external and internal sources. 
The degree of nutrient control will vary considering the uniqueness of 
lakes and the respective degree of restoration desired, but ~he 
identification of nutrient sources and control measures will be 
integral parts of the restoration effort [Uttormark, 1979J. 
Uttormark [1979J provides an easily conceptualized view of 
nutrient sources and transport. In visualizing the flow of nutrients 
across the landscape Uttormark suggests that, in a strict sense, there 
are no sources or sinks, but rather a multitude of pathways by which 
nutrients are transported. Within this system, "sources" are simply 
points along the nutrient transport paths which are designated for 
convenience. Though arbitrary, the designation of sources will in 
turn affect the selection of management options. In order to facili-
tate comparison and subsequent management of sources, Uttormark [1979J 
provides the following definitions: 
Nutrient source: a site from which nutrients are discharged, 
or an area from which nutrients are exported, with sub-
sequent transport occurring through uncontrolled natural 
mechanisms. 
Point source: a discernible confined and discrete conveyance 
from which nutrients are discharged, to include but not be 
limited to pipes, channels, or conduits (e.g., sewage 
treatment plant outlet). 
Nonpoint source: an area from which nutrients are exported by 
natural means (e.g., croplands). 
Specific contribution: materials or products containing 
nutrients that are discharged or used in a manner such 
that the nutrients contribute to point or diffuse sources 
(e.g., detergents and fertilizers). 
Within this system, groundwater, precipitation, and dry fallout 
(dust fall) are considered transport vectors and not as sources 
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of nutrients. The importance of this distinction is that management 
techniques for nutrient control can usually be more readily applied to 
point sources and specific contributors. Control of nutrient transport 
from nonpoint sources is generally more difficult and is based upon 
reducing the efficiency of transport mechanisms (e.g., contour farming 
to reduce runoff from agricultural lands). 
The pathway and mode of transport concepts are important when 
considering nutrient flux from diffuse sources because nutrients 
may be exported simultaneously along several pathways and may be 
transported by several mechanisms. Soil particles may be transported 
to a lake via a stream, dry fallout and/or precipitation. Storm 
runoff can transport nutrients overland to an inflowing stream and/or 
rainwater can percolate through the soil carrying nutrients to a 
groundwater aquifer. Subsequently, the nutrients enter a lake directly 
or through the base flow of tributary streams. These represent but a 
few of the possible modes of transport which may contribute to the 
nutrient loading of a lake. 
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In Table 3, Uttormark [1979J lists transport mechanisms for 
nutrients, points of entry to a lake, and the land areas that con-
tribute the nutrients. While each of the modes of transport may 
contribute to the overall nutrient loading to a particular lake, the 
importance and relative contribution of these modes and their respec-
tive areas of contribution will be variable. Each lake is a unique 
system, and a study and understanding of the unique features are 
essential for good planning and management [Reckhow et al., 1980J. 
Numerous studies have examined the relationship between watershed 
land use and nonpoint source pollution [Howells, 1971; Loehr, 1974; 
Dillon and Kirchner, 1975; Watson et al., 1979; Smart et al., 1981; 
Verhoff and Yaksich, 1982; Ostry, 1982; Daniel et al. 1982J. Small 
agricultural watersheds have been utilized to examine nitrogen and 
Table 3. Modes of nutrient transport to lakes [Uttormark, 1979J. 
Mode of Transport Entry to Lake Contributioris From 
Groundwater Land-water Unknown portion of 
Interf ace groundwater drain-
age basin 
Surface Water 
a) Streamflow Inlet Streams Drainage basin 
b) Overland Flow Lake Perimeter immediately 
adjacent lands 
Precipitation Lake Surf ace ? 
Dry Fallout Lake Surface ? 
Miscellaneous, Lake Surface 
e.g., waterfowl 
14 
phosphorus losses in surface runoff. Too often, land use is presented 
as the key factor with respect to nonpoint source loading. Most 
studies make mention of soil type, slope, climate, crop type, manage-
ment practices and topography as other factors, but the focus is 
usually placed on land use. This approach appears to be a carry-over 
from the work of Ornernik [1976, 1977J which investigated the influence 
of land use on stream nutrient levels. While these works produced 
useful generalities, their limits must also be observed. 
watersheds can be 'easily classified by their land use(s). 
Gr-anted, 
Too often 
though, land use becomes the focal point of discussion in watershed-
water quality studies. 
One of the most extensive studies of nonpoint sources of pollution 
was the multi-million dollar PLUARG (Pollution from Land Use Activities 
Reference Group) study initiated as a result of the 1972 U.S.-Canada 
Agreement on Great Lakes Water Quality. One of the initial steps 
undertaken in this study was an inventory of land use over the entire 
Great Lakes Basin. Unit area loads for areas with a single land use 
had a wide range when land use alone was considered. Although certain 
land uses within the same region generally contribute more pollutants 
than others per unit area (e.g., agricultural land vs. forest land), 
the study examined the reasons behind these differences. A major 
conclusion from this work was that land factors such as land form, 
land use intensity, and materials usage must be considered along with 
land use when a watershed is evaluated for nonpoint pollution sources. 
The upshot here is that many past studies have emphasized land 
use as the cause of nonpoint source pollution problems, when, in fact, 
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land form was the dominant factor [Sonzogni et al., 1980J. Land form 
elements include soil texture, soil type (mineral or organic), sur-
ficial geology, and physiography (slope, drainage density, and soil 
chemistry). Within the scope of the PLUARG study, the single most 
important element was generally found to be soil texture (soil particle 
size distribution). 
Erosion can be a major contributor of organics and nutrients to 
surface runoff [Loehr, 1974J. Runoff tends to remove the finer and 
more fertile soil particles [Harms et al., 1974J. Fine soil particles 
are more vulnerable to erosion than are coarser soil fractions. 
Eroded material may have three to five times as much organic nitrogen 
content as the original soil [Loehr, 1974J. 
The understanding of sediment transport from land surfaces to 
the receiving water body can influence the choice of pollution control 
strategies [Verhoff and Yaksich, 1982J. The kinetic mechanism of 
soil phosphorus release to surface runoff was examined in a study by 
Ahuja et al. [1982J. The desorption of soil phosphorus by rainfall 
and runoff is the result of turbulent mi~ing of a thin layer of 
surface soil with water caused in part by the raindrop-impact energy 
and the flow of surface runoff. Thus, a conceptual background of the 
process can aid in the development and evaluation of pollution abate-
ment techniques. 
Events resulting in runoff and subsequent erosion can be divided 
into two broad categories: rainfall runoff and snowmelt runoff 
[Harms et al., 1974J. Each has its own distinct characteristics. 
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Snowmelt runoff occurring in the spring, often on frozen ground, 
can carry a higher contaminant load than rainfall runoff that has the 
opportunity to infiltrate the ground [Loehr, 1974J. Increased in-
filtration effectively controls the quantity of nitrogen and phosphorus 
lost in surface runoff [Klausner et a1., 1974J. 
A study of physical and chemical quality of agricultural land 
runoff noted that snowmelt generally had a low suspended solids 
content and exhibited a characteristic yellow tan color [Harms et a1., 
1974J. Daily freezing and thawing may have contributed to this color 
by rupturing organic molecules and thus exposing additional soluble 
material to runoff removal. Rainfall runoff generally had a higher 
suspended solids content with some color, but not of the intensity 
observed with snowmelt. The time frames of these two runoff types are 
also different. Rainfall runoff occurs when the infiltration capacity 
of the soil is exceeded by the rate of rainfall. The infiltration 
capacity may be exceeded by the intensity of the rainfall event and/or 
its duration. Spring snowmelt occurs over a period of time interrupted 
periodically by subfreezing weather or continuing for an extended 
period until no snow remains. 
Not all areas within the watershed will produce surface runoff 
and subsequently transport nonpoint source pollutants. According to 
the concept of partial area hydrology, areas that do provide surface 
runoff are termed hydrologically active, while the remaining passive 
watershed area only contributes to interf10w and base flow [Engman, 
1974; Sonzogni et a1., 1980; Novotny and Chesters, 1981J. Areas which 
have high hydrologic activity include connected impervious surfaces, 
clayey soils with low permeability, frozen soils with high moisture 
content, soils with a high groundwater table, and highly compacted 
surfaces. 
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Areas with high surface storage (e.g., wood-and-flat cropland) 
and/or soils with high permeability rates have the lowest hydrologic 
activity. These areas may generate surface runoff during extreme 
storm events and/or under frozen ground conditions. Thus, hydrologic 
activity is a stochastic phenomenon dependent upon storm magnitude and 
intensity, soil conditions, and area surface characteristics. Surface 
conditions dictate which route excess precipitation will then take in 
leaving a watershed [Van Keuren et al., 1979J. 
The quantity of nutrients carried by surface runoff is partially 
dependent upon the transport capacity of the runoff [Thompson et al., 
1979J. Transport capacity is an expression of the energy associated 
with moving water in runoff. The higher the transport capacity, the 
greater amount of suspended solids can be carried by the runoff. This 
concept is useful in that reduction of runoff transport capacity will 
in turn reduce suspended solids transport. 
Land areas contributing nutrients to shallow aquifers are 
often defined by assuming that the boundaries of the groundwater 
basin are approximated by the surface drainage basin. It is not 
necessarily true that all the groundwater leaving the basin flows 
into the lake and, since the extent of interaction between ground 
and surface waters is often not measurable, it becomes extremely 
difficult to determine which portion of the groundwater basin actually 
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contributes to the lake. Watershed delineation can be utilized to 
define contributing land areas with respect to surface water transport. 
Thus, with respect to a lake's drainage basin, it is not necessary 
that all nutrients transported from the land ultimately reach. the lake 
and, conversely, it is not necessary that those nutrients transported 
to the lake originate within the drainage basin. While the watershed 
approach serves to define the problem area, it should be recognized 
that it is not absolute. 
Drainage Basin/Lake Interactions 
In their natural state, lakes are in balance with their watershed 
[King, 1979J. The lake's watershed is defined as the surrounding land 
area from which surface runoff collects into natural watercourses and 
then flows into the lake. From the time of its origin, the lake's 
morphometry and water quality are a function of the evolutionary 
development of its drainage basin [Driscoll, 1982J. Parent geology, 
the weathering products of rock and soil, and the type and amount of 
terrestrial vegetation under the control of local climatic character-
istics determine the base character of the lake's water quality and 
benthic sediments. Not only do these factors direct the lake's 
character, they also determine the ability of the lake to maintain its 
character when stressed by perturbations within the watershed [King, 
1979J. 
Lake characteristics such as water hardness and alkalinity, 
nutrient concentrations, and benthic sediments will vary with lime-
stone versus granitic watersheds. Terrestrial vegetation within the 
drainage basin will further influence lake water quality via the 
addition of debris, detritus, and dissolved organics. Thus, the 
geomorphological, biotic, and abiotic factors acting together serve 
to guarantee a unique set of characteristics for each lake in its 
natural state. 
Human activity within the drainage basin and the lake itself 
will alter the preexisting balance; changes in lake biodynamics will 
occur as the lake tends toward reequilibrium after the addi~ion of 
these human-influenced watershed inputs. Variation in the type and 
extent of human activity, be it agricultural, urban, and/or industrial 
development, insures a unique response in terms of lake character-
istics. 
To further illustrate the interaction between the drainage 
1 9 
basin and lake, Figure 2 [Reckhow et al., 1980J presents a schematic 
diagram of the watershed and lake ecosystem with respect to phosphorus 
movement. As shown, human activity, watershed characteristics, and 
climate are the major control factors influencing phosphorus movement 
to the lake. The phosphorus loading is empirically related to the 
phosphorus concentration in the lake as a function of the hydrologic 
and geomorphologic characteristics of the lake. Lake phosphorus 
concentration, in turn, is related to biomass levels, water clarity, 
dissolved oxygen concentrations, and fish populations, which are all 
empirically interrelated [Reckhow et al., 1980J. Figure 3. [Rodiek, 
1979J is an easily understood view of the major phosphorus loading 
pathways to lakes. 
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Figure 2. A schematic illustrating phosphorus loading determinants and lake 'response [Reckhow et a1., 
1980]. 
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Atmospheric Nutrient Loading 
Precipitation is one of four processes by which substances 
in the atmosphere can enter a lake [Galloway and Cowling, 1978J. The 
other processes are dry deposition, impaction of aerosols, and adsorp-
tion of gases. Substances transferred by these mechanisms can enter 
the lake surface directly or can be carried to the lake by surface 
runoff and other modes of transport after being deposited on the 
lake's watershed. 
Nutrient loading contributed from atmospheric sources is generally 
considered natural and uncontrollable [Loehr, 1974J, although some 
measures can be taken to control the input from fugitive dust from 
disturbed areas (e.g., dirt roads and croplands). Precipitation 
chemistry sampling methods have been improved over the last five 
years, as has the quality of the data obtained [Galloway and Likens, 
1976; Lewis and Grant, 1978J. 
Groundwater Nutrient Loading 
In lake management, an understanding of groundwater/surface water 
interrelationships is of great importance to comprehensive planning 
[Stephenson, 1971J. Most lakes are, to some degree, partially related 
to local groundwater discharge conditions, with sections of the lake's 
perimeter as a groundwater sink. The resulting misuse of a lake 
system is often expressed as accelerated eutrophication of surface 
waters and/or the quality degradation of shallow groundwater flow 
systems contiguous to them. 
Birge and Juday [1934J originally emphasized the di stinction 
between a drainage lake with an outlet, and a seepage lake into which 
groundwater enters and also leaves. The main significance of the 
distinction is in terms of outflow, though the original definition 
referred to outflow only [Hutchinson, 1957J. Drainage laKes receive 
water input primarily from surface flows and seepage lakes receive 
their water from precipitation and groundwater seepage. Broughton 
[1941J added bogs to this lake classification system, since ~is work 
indicated bogs receive little if any groundwater. 
Groundwater studies examining water quality as affected by land 
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use patterns and geologic characteristics have utilized existing wells 
to collect samples [Rajagopal, 1978; Richardson, 1979J. Richardson's 
study of groundwater quality in northern lower Michigan indicated that 
the highest NH4-N levels were found under 'lakeside-cottage ' and 
'lakeside-forest' land use classes, and are a result of reduced soil 
conditions and septic tank input. Richardson's study also found no 
significant differences in NH4-N groundwater concentrations between 
immature agricultural ecosystems and mature forest systems. The highest 
P04-P concentration land use classes were 'agricultural-crops' and 
'lakeside-cottage,' most likely due to fertilizer application and 
septic tank inputs, respectively. The connection between land use 
and groundwater quality becomes an important consideration in terms 
of impact to lake systems and public drinking water supplies. 
Groundwater monitoring was not included in the Phase 1 study of 
Bear Lake. Previous studies make only limited mention of the influx 
of groundwater to the lake [Fuller, 1971; Nunan, 1972J. No study, to 
the author's knowledge, has attempted to quantify the groundwater 
impact in terms of inflow, outflow, and nutrient loading to Bear 
Lake. 
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Groundwater input to a lake system is usually determined by 
difference using a hydraulic budget model of the system [Watson et 
al., 1979J. The water balance of a lake can be expressed by an 
equation equating the rate of change in storage (volume) to the rate 
of inflow from all sources, less the rate of water loss. T~is budget 
is normally quantified on the basis of the height of the water spread 
over the entire lake surface entering or leaving the lake in a year's 
time. The most general expression of lake's hydraulic budget is given 
by: 
where 
~ s = P + I + U - E - 0 - R 
~s = change in storage 
P = precipitation 
I = inflow of surface streams 
u = subsurface inflow through the lake bottom 
E = evaporation 
0 = flow through surface outlets 
R = outflow through lake bottom 
unit of measurement: meters/year or volume/year 
Given that information on S, P, I, E, 0 is available, the net flow of 
groundwater, either influx or outflow, can be determined by difference. 
Application of this technique to Bear Lake poses a most difficult 
task. Bear Lake has three outlets to consider: (1) evaporation, (2) 
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groundwater loss, and (3) the release of water through Lifton Station. 
The release of water through Lifton Station for use downstream on the 
Bear River acts as an artificial man made outlet, since Bear Lake was 
a closed lake. The resulting lake level manipulation acts to control 
the lake's volume. 
Information of lake water levels and flow through Lifton Station 
are recorded by Utah Power & Light (UP&L) daily. Lifton Station also 
monitors a standard Weather Bureau Class A evaporation pan at its 
weather station. This information could be used to determine the 
lake's hydraulic budget. Inflow from lake tributaries is not monitored 
however. Stations could be established on lake tributaries to deter-
mine stream discharge. Precipitation data are available from weather 
stations operated at Lifton Station, Idaho, and Laketown, Utah. 
The remaining task would be to determine the contribution of 
springs and groundwater, and water loss to the groundwater system. 
Springs along the lakeshore contribute to the flow of several tribu-
taries (e.g. Swan Creek). An estimate of the contribution from 
surface springs which do not supplement the discharge of lake tribu-
taries could be obtained by gaging the flow from selected springs. 
Lee [1977J described the device he used for measuring seepage 
flux and for obtaining groundwater samples in Lake Sallie, Minnesota. 
Lee and Cherry [1978J further describe the use of seepage meters and 
mini-piezometers to determine groundwater inflow to and loss from lakes. 
McBride and Pfannkuch [1975J examined the distribution of seepage within 
lake beds. With the use of mathematical models, they concluded that 
groundwater inflow is concentrated near the shores of lakes under a 
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wide variety of hydrologic conditions and that in many places seepage 
rate will decrease exponentially with distance from the shore. The 
study applied to situations in which the width of the lake is greater 
than, or comparable to, the thickness of permeable material underlying 
the lake. Given that the width of a lake is very small compared to the 
thickness of the underlying flow system, seepage would not be concen-
trated along the lakeshore. This emphasizes the importance of the 
geometry of the groundwater system and the relatively small role the 
lake sediments may often have in controlling the distribution of seepage 
within lakes. 
Several significant conclusions in terms of groundwater seepage 
and nutrient input were obtained in a study of Lake Mendota, Wisconsin 
[Brock et al., 1982J. Seepage meters as described by Lee [1977J were 
used to measure groundwater influx. Seepage water, which in this 
study was assumed to be equivalent to sediment pore water in sediments 
lying just below the sediment-water interface, was sampled using a 
gentle suction device. Although a reasonable correlation existed 
between the log of seepage rate and distance from the shore (r=-0.85), 
the best correlation was obtained with log of seepage rate and water 
depth (r= -0.98). 
Direct measurements obtained in Brock et al. [1982J indicated 
that previous studies overestimated the groundwater contribution of 
nitrogen loading and underestimated the phosphorus loading to Lake 
Mendota, Wisconsin. Comparison of groundwater chemistry with well and 
spring water chemistry showed that well and spring waters were con-
siderably higher in nitrogen and considerably lower in phosphorus than 
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seepage waters. The theory proposed by Brock et al. [1982] is that 
organic phosphorus and nitrogen may become recycled into a lake by 
groundwater flow through the shallow-water sediments. Of the nitrogen 
entering with groundwater seepage, 38 percent was ammonia and 61 
percent was nitrate. The phosphorus and ammonia associated with 
seepage water may be derived from the lake's sediments rather than the 
surrounding watershed, although their release may impact upon the 
nutrient condition of the lake. Shallow-water sediments thus function 
as a dynamic system with both inputs and outputs affecting the chemis-
try of seepage water. 
To the author's knowledge, the effect of lake drawdown by the 
Utah Power & Light operation at Lifton Station upon the groundwater 
interaction with Bear Lake has not been examined. Lake drawdown has 
been used as a management or restoration technique on other lakes in 
order to achieve sediment consolidation, macrophyte control, reduction 
of nutrient release from sediments, and simultaneous use of other 
restoration methods (e.g. dredging and/or sediment covering) [Cooke, 
1980]. Future research on nutrient loading associated with groundwater 
seepage to Bear Lake should consider the effect of lake level drawdown. 
Fox et al. [1977], conducting a study on Lake Apopka, Florida, 
performed laboratory studies to determine the effect of consolidated 
sediments on overlying water. Results indicated that drawdown improves 
refill water quality. 
Future research on Bear Lake should include the groundwater 
interaction in terms of the lake's water budget, nutrient loading, and 
the effect of lake level drawdown. Techniques developed by Lee [1977] 
and Fox et al. [1977] could be utilized for such studies. 
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Nutrient loading associated with groundwater seepage to Bear Lake 
may not be of the magnitude of loading associated with other sources. 
Management techniques to reduce groundwater nutrient loading (e.g., 
lake drawdown and/or dredging) may, however, be easier to implement. 
Nonpoint source pollution management must consider source magnitude, 
control feasibility, and achieveab1e improvement to be effective. 
Septic Tank Seepage Loading 
Domestic wastewater contamination can contribute to the deteriora-
tion of water quality in lakes. Shoreline development surrounding 
lakes are usually not connected to public wastewater facilities thus 
requiring individual onsite wastewater treatment. A septic tank soil 
adsorption sys'tem is the most common disposal system. Adequate per-
formance from such systems can be attained given suitable soil condi-
tions. Lakeshore development, however, is not always confined to areas 
with suitable soil conditions [Otis, 1979J. 
On-site septic tank and soil absorption field systems can 
contribute to the nutrient loading of a lake since these systems are 
not always effective in trapping nutrients and preventing them from 
entering the groundwater transport system. Three major waste components 
typically make up the residential wastewater which is sent to the septic 
tank. These are: 1) garbage disposal wastewater; 2) toilet wastes, re-
ferred to collectively as black water; and 3) sink, basin and appliance 
wastewater collectively referred to as gray water [Reckhow et a1., 1980J. 
Each waste component contributes nutrients to the septic tank. Phos-
phorus in septic tank effluent originates from two main sources, human 
excreta and phosphate detergents. Up to 80 percent of the nitrogen 
in septic tank effluent comes from feces and urine, with the pre-
dominant forms occurring as NH4 and organic-No 
Typically the solution for failing septic tank systems is to 
construct a public facility consisting of a sanitary sewer system 
supplying a treatment facility [Otis, 1979J. Such a solution has 
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worked well in dense urban areas. The lakeshore developments, however, 
have relatively limited density which can make a sewerage project cost 
prohibitive. Pollution abatement efforts become delayed while the 
problem continues and remains unresolved. 
Otis [1979J presents an overview of alternative onsite systems. 
Evaluation of alternative onsite systems should include consideration 
for cost-effective and environmentally sound sept age management [EPA, 
1980J. 
In EPA's National Eutrophication Survey Methods [EPA, 1975J 
procedures for estimating the nutrient loading from septic tanks are 
described. In the absence of data on the actual number of lakeshore 
septic tanks, as was the case during EPA's study of Bear Lake in 1975, 
••• the number of dwellings within 100 meters of the 
lake were counted on the most recent USGS quadrangle 
maps. It was assumed that on a year-long average, 2.5 
people occupied each dwelling. It was further assumed 
that after septic tank treatment and discharge to .the 
adsorption field that only 0.1134 kg P/capita/year 
reached the lake. For nitrogen, which is less amenable 
to removal by treatment or by adsorption to soil particles, 
it was assumed that 100 percent or 4.263 kg N/capita/ 
year reached the lake from septic tank systems on the 
lake shore. [EPA, 1975, p. 22J 
From the individual lake report (Working Paper No. 836) [EPA, 
1977J the septic tank total phosphorus and nitrogen contribution to Bear 
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Lake was based on 330 lakeshore dwellings. Thus the calculations were 
as follows: 
Total Phosphorus: 
2.5 persons 330 dwellings x dwelling x 0.1134 kg P/capita/year 
= 94 kg P/year 
Total Nitrogen: 
330 dwellings x 2.5 persons x 4 263 kg N/capita/year dwelling . 
= 3,517 kg N/year 
Numerous documents written about Bear Lake indicate that the 
lacustrine sediments along the lakeshore are not of the type which 
provide adequate filtration of effluent from septic tanks [Fuller, 
1971; Kaliser, 1972; Bear Lake Regional Commission (BLRC), 1977; 
BLRC et al., 1978J. Fluctuations in the high groundwater table along 
the west shore can cause septic tanks to become submerged and their 
soil adsorption fields to become saturated, rendering the treatment 
system ineffective. Nitrogen is probably denitrified under these 
conditions, but phosphorus would be readily transported through 
the soil matrix to the lake [Johnson et al., 1976J. 
Improved procedures for estimating septic tank nutrient con-
tributions are presented by Rodiek [1979J and Reckhow et al. [1980J. 
These procedures incorporate information on the number of persons per 
residence, percent of occupancy, whether or not phosphorus detergents 
are used, and the phosphorus adsorption capacity of the soil. 
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Nonpoint Pollutant Loading Determination 
With respect to watershed management, an accurate estimation 
of nonpoint pollution loading into the lake is vital. Distinguishing 
between the relative importance of contributing sources and the respec-
tive management options will directly affect restoration planning and 
success. Since surface runoff and streamflow tend to be the major 
transport modes for nonpoint sources, concentration and flow data over 
time are essential for calculating loading rates. Comparison of the 
magnitude of nonpoint sources in terms of concentration units alone is 
impractical because of the flow dependent, intermittent nature of the 
sources [Taylor et al.; 1971, Loehr, 1974J. 
The Clean Lakes Guidance Manual [EPA, 1980J approves two basic 
techniques for load estimation. These are the unit areal loading 
method and the flow/concentration techniques. 
The unit areal loading method relies upon export coefficients 
which represent the amount of a specific chemical constituent exported 
from a specific land use area of a certain size per unit time (i.e., 
kg/ha/yr). It should be noted that these values represent what leaves 
the land surface. The actual load that enters the lake may be different 
since distance between the .land use area and the lake may act to decrease 
and/or increase the load. Simply viewed, the technique involves the 
assignment of representative export coefficients for specific pollutants 
(e.g., total phosphorus) to each land activity within the watershed, 
together with the size of the area of each land use. The product of 
the export coefficient and area measurement provides an estimation of 
the total contribution from each land use area. Estimation of total 
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loading to the lake, including similar calculations for precipitation 
and septic tank inputs, is calculated by summing the contributions from 
all areas. The advantages of this method include its simplicity and low 
cost. By selecting "representative" export coefficients and determining 
some land use areas, one can calculate total loading to a lake at one's 
desk. Among the disadvantages is the fact that not every watershed, or 
lake for that matter, was created equal. Experience gained has shown 
that regional conditions dictating the nonpoint pollution sources were 
not necessarily transferrable [Daniel et al., 1982J. Export coeffi-
cients determined for a particular land use in one watershed may not 
apply well to a similar land use in another watershed because of 
differences in climate, soil, fertilizer practices, etc. 
A recent report by Reckhow et al. [1980J provides the most 
complete summary of available export coefficients. The Clean Lakes 
Guidance Manual [EPA, 1980J refers manual users to this work to obtain 
export coefficients. Reckhow et al. [1980J provides a clear understand-
ing of how to use the modeling technique, the extent of its application, 
and the importance of properly selecting values to put into the model's 
equations. Reckhow's model was developed from 47 north temperate lakes 
and it is recommended that the model be applied only to lakes within 
this zone [Reckhow, 1979; Reckhow et al., 1980J. Further, Reckhow et 
al. [1980J states that the model not be applied to a lake with model 
variable values greater than or less than the maximum and minimum values 
upon which the model is based. Each of the carefully screened export 
coefficients in the report is accompanied by a description of the 
watershed (location, precipitation, soil type, fertilizer application, 
33 
etc.} from which it was derived in order to facilitate the selection of 
the most suitable export coefficient. 
Flow/concentration techniques essentially involve the deter-
mination of the characteristic concentration of the specific constituent 
in the runoff from each source and measurement of the flow from that 
same source. Constituent loading is then calculated from the product of 
the concentration and flow. Various methods can be used to calculate 
loading values depending upon the measurement frequency of constituent 
concentration and flow (e.g., concentrations measured at discrete time 
intervals and continuous flow measurements). Some work has been done to 
compare loading calculation techniques and sampling frequency [Schneider 
et al., 1979; Reckhow et al., 1980J. Section 10.3 of the Clean Lakes 
Guidance Manual [EPA, 1980J discusses stream monitoring and program 
design. 
Major tributaries can be considered as the pulse of a water-
shed. Monitoring these streams thus provides a means to evaluate the 
functional efficiency and health of a watershed with respect to current 
management practices. The preferred sampling method involves continuous 
flow monitoring with periodic concentration sampling. While continuous 
flow measurement is preferable, it is costly and often times not feasible 
[Reckhow et al., 1980J. 
Every watershed is made up of a unique combination of land 
uses in terms of type, seasonal use, distribution, amount, and relative 
proximity to watershed tributaries. Land use in large watersheds is 
often mixed, making it difficult if not impossible to determine the 
percent loading contribution from each land use [Reckhow et al., 1980J. 
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Agricultural land use, for example, may consist of a combination of 
different uses such as pasture, feedlots, row and nonrow crops. Irri-
gation and fertilizing practices may vary within this area and serve to 
further create a unique set of watershed conditions. Each factor has a 
specific hydrologic response, and depending on the percent composition 
of the area watershed, the combined effects influence the constituent 
loading. Technical, financial and practical constraints prohibit most 
monitoring programs from conducting "in situ" studies. Land. use monitor-
ing, as discussed in the Clean Lakes Guidance Manual [EPA, 1980J, 
involves the installation of primary flow measuring devices, automatic 
samplers, and continuous flow recorders. In order to determine land 
use specific unit area loads, monitoring stations are established on 
predominantly homogeneous land use areas. Unit area loads are defined 
as the pollution contributions of a land area diyided by the size of 
the land area (e.g. kg/hr/yr). Ostry [1982J considered an area homoge-
neous when the dominant land use was more than 80 percent rural or 60 
percent urban, or 70 percent wooded. Ostry sited monitoring stations 
upstream and downstream of selected land uses, at the outlets of 
subwatersheds with relatively homogeneous land uses, at downstream main 
stem localities, and at the mouth of the study watersheds. This type 
of site-specific monitoring provides information which is representative 
of site conditions. Literature export coefficients, used in the unit 
areal loading method, might not be representative of the unique set of 
watershed characteristics (slope, precipitation, soil, etc.). Land 
use monitoring, if applicable, can solve the problem. Thus, the 
overall sampling design of a nonpoint source monitoring program becomes 
a combination of the desired resolution and the available resources 
(funds, equipment, etc.) for conducting the study. 
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METHODS AND MATERIALS 
The Bear Lake stream sampling operation focused upon the major 
streams flowing into the lake and Dingle Marsh in order to determine 
their constituent loading contribution to each system's total budget. 
Sampling was conducted biweekly during the months of April to August 
and monthly during the months of September to March so as to acquire 
data reflecting seasonal variation and the influence of the ~onnection 
between Dingle Marsh and Bear Lake. Tributary sampling stations were 
selected with regard to their accessibility and suitable conditions 
for flow measurements. Additional detail is presented in the following 
section on stream sampling and measurement. 
Stream Sampling and Field Measurement 
The following section describes the methodology used to collect 
water quality and microbiological samples and to make physical measure-
ments at stream monitoring sites. The methodology described herein was 
utilized for streams flowing into Bear Lake and also those flowing into 
Dingle Marsh. The methodology used in monitoring return flow pipes 
varied in the way flow measurements were taken. These, and any other 
exceptions, will be noted. 
Water quality samples were taken using a plastic half-gallon (1.9 
1) container per sampling site. These containers had been previously 
washed with NaHC03, rinsed with tap water and reagent-grade water, 
rinsed with 6N HC1, and rinsed again with reagent-grade water. Prior 
to taking a grab sample, the container was rinsed with water from the 
sampling site. The sample bottles were then labeled and placed in an 
ice-filled, insulated container until arrival at the laboratory for 
analysis. 
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Microbiological samples were taken using plastic containers that 
were sterilized by autoclaving. Methodology for microbiological sample 
collection, preservation, and storage as specified by EPA [1978J were 
followed. 
A Yellow Springs Instrument (YSI) dissolved oxygen meter, model 
54ARC, was used to measure the dissolved oxygen and the temperature of 
the stream. Prior to a sampling operation, the batteries in the meter 
were charged, the membrane on the probe was changed, and the meter 
was calibrated using the Winkler titration method [Adams et al., 
1981J, as described by the YSI manual. 
Stream flow measurements were obtained using a Marsh-McBirney, 
model 201, portable water current meter and the six-tenths-depth method 
as described in the U.S.Bureau of Reclamation [1981J, publication on 
water measurement. 
A written record of all physical measurements obtained in the 
field was made. For each site, the data record included the time of 
sampling, stream temperature (OC), dissolved oxygen (mg/l), stream 
width and depth measurements, and stream velocity. Stream width, 
stream velocity, and depth measurements were used in computing flow, 
calculated in cubic feet per second (cfs). 
When the water current meter could not be used, as in the case of 
return flow pipes previously mentioned, the flow was measured by 
recording the amount of time required to fill a container and measuring 
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the volume of water collected with a graduated cylinder. This procedure 
was repeated three times to obtain an average flow measurement. 
Laboratory Methods 
The analytical tests for chemical parameters and bacteriology were 
performed in the EPA and State of Utah certified Water Quality Laboratory 
at the Utah Water Research Laboratory (UWRL). 
Upon arrival at the UWRL, the samples were logged in by assigning 
each a unique, sequential four digit number and recording the assigned 
number, the sampling date, and sampling site location. Each sample 
was then mixed thoroughly, and a portion was poured into a glass 
bottle and preserved with concentrated H2S04 for total organic carbon 
determination. A portion of the remaining sample was filtered using a 
glass-fiber filter to determine the suspended solids concentration. 
The filtrate was filtered again using a 0.45 ~ m membrane filter. A 
portion of this filtrate was preserved with chloroform in glass vials 
for nitrate and nitrite determination. The remaining filtrate was used 
for ammonia and orthophosphate determinations. The remaining unfiltered 
sample was used for pH, total alkalinity, total phosphorus, and total 
nitrogen determinations. Figure 4 presents a flow diagram of the 
laboratory procedures. 
Analytically, organic nitrogen and ammonia can be determined 
together. This combined concentration is referred to as "Kjeldahl 
nitrogen," a term that reflects the technique used for determining this 
combined value. Total Kjeldahl nitrogen (TKN) was not determined 
directly, rather a value approximately equivalent to TKN was calculated 
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Figure 4. Flow diagram for laboratory procedures. 
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by subtracting the concentration of nitrate and nitrite in a sample 
from the concentration of total nitrogen determined by using the 
persulfate method [Soloranzo and Sharp, 1980; Adams et al. 1981J. The 
persulfate technique is generally found to be equal to or better than 
the standard Kjeldahl method and was throughout the study. The Kjeldahl 
method was performed on approximately 20 percent of the samples for 
additional quality assurance. 
The following analytical tests were initiated within 24 hours 
of sample arrival at the UWRL: total coliforms, fecal coliforms, fecal 
streptococcus, orthophosphate, total phosphorus, ammonia, total nitro-
gen, suspended solids, pH, and alkalinity. Total organic carbon, 
nitrate and nitrite determinations were performed within the recommended 
holding time. The methods used in the above mentioned analyses are 
listed in Table 4. 
Watershed Land Use Determination 
Values providing the respective area and percentage of watershed 
for each of the various land use categories comprising each of the 
watersheds in the Bear Lake Basin were obtained by planimetering a 
watershed map of the Bear Lake Basin, a land use map for the Idaho 
portion of the basin, and a land use map for the Utah portion of the 
basin. All three map scales were I" = 1 mile, enabling the land use 
maps to be laid over the watershed map. Table 5 presents the defini-
tions of the land use categories. 
Table 4. Methods and references for the physical, chemical, and 
bacteriological.analyses. 
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Parameter Method EPA 
(1979) 
APHA Other 
pH 
Total Alkalinity 
Turbidity 
Suspended Solids 
Electrometric 
Titrimetric, Manual 
Colorimetric 
Nephelometric 
Gr avimet ri c 
(1980) 
150.1 p. 402 
310.2 p. 253 
180.1 p. 132 
160.2 p. 94 
Orthophosph ate Colorimetric, Automated 365.1 p. 420 
Total Phosphorus 
Ammonia 
or Manual 365.3 
Ascorbic Acid Method 
Colorimetric, Automated 365.1 
or Manual 365.3 
Acid Digestion 
Colorimetric, Manual 
Phenate 
p. 413 
p. 420 
p. 363 
Nitrate Colorimetric, Automated 353.2 p. 376 
Cadmium Reduction 
Plus Diazotization 
Nitrite Colorimetric, Automated 353.2 p. 376 
Diazotization 
Total Nitrogen Potassium Persulfate 
and Heat Oxidize 
Automated Nitrate 
via Cadmium Reduction 
Total Organic Carbon Persulfate Digestion-
Infrared Method 
Total Coliforms Membrane Filter 
Fecal Coliforms Membrane Filter 
Fecal Streptococcus Membrane Filter 
Where: (1) Solorzano (1969) 
(2) Solorzano and Sharp (1980) 
(3) Adams et al. (1981) 
(4) EPA (1978) 
415.1 p. 471 
p. 806 
p. 814 
p. 821 
( 1) 
(2,3) 
( 4) 
(4) 
( 4) 
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Table 5. Watershed land use categories. 
Forest (Multiple Use): 
Nonirrigated (Dry) 
Cropland: 
Sprinkler Irrigated 
Cropland: 
Irrigated Pasture 
and Hayland: 
Rangeland Native 
Grazlng Land: 
Urban and Built-up 
Land: 
Water and Wetlands: 
Recreational 
Development: 
Recreation: 
Land at least 10% stocked by forest trees of 
any size, or formerly having had such tree 
cover, and not currently developed for non-
forest use. 
Lands used to produce crops for natural 
precipitation. 
Same as above but irrigation is conducted 
through use of a sprinkler system. 
Irrigated lands used to produce alfalfa or 
grasses more than 50% of the time. 
Land on which the climax vegetation (potential 
natural plant community) is predominantly 
grasses, grass-like plants, forbs, or shrubs 
suitable for grazing and browsing. 
Land used for residence, industrial sites, 
commercial sites, construction sites, 
institutional sites, public administrative 
sites, railroad yards, cemetaries, airports, 
golf courses, sanitary landfills, sewage 
treatment plants, water control structures 
and spillways, etc. Also includes all lands 
within the incorporated boundaries of the com-
munities in the basin. 
Reservoirs, natural lakes and other extended 
areas of surface water also lowland area such 
as swamps and marshes, that is saturated with 
water. 
Lands on which development plans have been 
approved by the local jurisdiction, which may 
or may not be already constructed, includes 
second-home subdivisions, condominiums, 
R. V. parks, etc. 
Lands used for the purpose of relaxation and 
enjoyment of the out-of-doors, except private 
land development projects for recreation and 
second home use. 
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Stream Constituent Loading Determination 
The entire sampling period has been divided into two overlapping 
liS amp 1 ing years, II year 1 (April 24, 1981 - April 24, 1982) and year 2 
(June 23, 1981 - June 23, 1982), in order to create two 12 month 
periods and allow the comparison of the "low" spring runoff of 1981 
with the "high" runoff of 1982. Similarly, Dillon and Kirchner [1975J 
examining the effects of geology and land use of the export ~f phos-
phorus .from watersheds, also overlapped their entire study period. 
Data collected over a 20 month sampling period was divided into two 12 
month periods by allowing 4 months of overlap. Harms et al. [1974J 
analyzed surface runoff and snowmelt from agricultural land during a 2 
year period, 1971 and 1972. 1971 was a minimal rainfall runoff year, 
while 1972 approached a maximum rainfall runoff condition. 
While data from several years of monitoring would provide more 
credit to the analysis of loading rates, it should be noted that 
watersheds are inherently variable in the ranges of loading rates. 
More important here is the determination of the relative differences 
between watersheds. While local conditions (e.g. precipitation) will 
vary from year to year and will in turn affect loading rates, the 
relative differences in loading rates between watersheds should not 
change and thus provide means of ~stablishing management priorities 
[Daniel et al., 1982J. 
Constituent loading values (kg/yr) for each of the tributaries 
studied were calculated in the following manner. First, daily loadings 
(kg/day) were calculated for each sampling operation based on flow 
measurement and constituent concentration. This series of daily 
loading values was then plotted on the y-axis of a graph with the 
duration of the study (days) on the x-axis. The daily loading values 
-for each sampling operation were connected to adjacent values by 
drawing a straight line between points. A computer analysis then 
determined the area under the plot of connected daily loading values 
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for the two "sampling years" previously described. The result of this 
analysis was constituent loading over the period of two different 
"sampling years." 
RESULTS AND DISCUSSION 
Watershed Land Use and Tributary 
Constituent Loading 
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This section presents: (1) a brief description of each watershed 
within the Bear Lake drainage basin as seen in Figure 5, (2) a table 
containing watershed land use values, and (3) tables of co~stituent 
loading from lake and marsh tributaries studied within each of the 
respective watersheds as seen in Figure 6. 
Swan Creek Watershed 
The dominant land use within the Swan Creek watershed is rangeland 
(53 percent) (Table 6). The major lake tributary from this watershed 
that was monitored is Swan Creek. The creek's length is approximately 
1.6 km (1 mi) from its major source, Swan Creek Spring (sec. 6, T. 14 
N, R. 5 E.), to the lake. The spring is probably the second largest 
free-flowing spring in Utah. The spring supplies culinary water for 
Lakota and Garden City and is also diverted for irrigation use north 
and south along the foothills from Swan Creek Canyon. Another spring 
of significant magnitude is also tributary to Swan Creek and is located 
in the same vicinity [Kaliser, 1972J. Rain and snow recharge the 
carbonate rock aquifer especially through the large sink holes on the 
Bear River range. The aquifer in turn probably contributes signifi-
cantly to the discharge from Swan Creek Spring [Kaliser, 1972J. Water 
quality sampling and flow measurements were taken on the east side of 
the U.S. Hwy. 89 bridge spanning Swan Creek (sec. 5, T. 14 N., R. 5 E.). 
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Figure 5. Watersheds within the Bear Lake drainage basin [BLRC , 1977J . 
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Figure 6. Sa~pling sites shown by black circles (tt) and precipitation 
gages shown by circles with "hatch marks (6e). 
Table 6. 
Land Use 
Forest 
(Mult ipl e Use 
Non Irri-
9ated Crop-
land (Dry ) 
Spink l er 
Irrigated 
Cropl and 
Ir riga t ed 
Pasture and 
Hay Land 
Native 
Graz i ng 
Land 
Urban and 
Bu i It Up 
Land 
Wat er and 
Wetlands 
Recreational 
Deve lopment 
Recreati on 
--- - - .. --
Tota l Area 
Land use area, given in hectares, within the watersheds comprlslng the Bear Lake drainage 
bas i na s seen in Figure 5. Val ues in parentheses are percentages of total watershed ar ea 
us ed fo r ea ch l and use catego ry . 
Watershed 
Swan -- G-ar-den Pickl e- Round Pine South North Cooley Indlan Hot Merkley Ding le St. 
Creek City vi li e Va11 ey Laketown Canyon Eden Eden Canyon Creek Springs Mounta ins Swamp Pari s Bloom ington Charl es 
- ----- ------
1,010 3,468 1,525 4,760 3,993 1,044 3,221 3,809 2, 218 1,119 1, 327 
(21) (83) (33 ) (27) (46) (45) (48) (26) (24) (9) (11 ) 
96 9 604 3,516 21 19 260 185 124 241 
(2) (0 .1 ) (9) (24) (1 ) (1) (8) (2) (2) (2) 
-- 241 
(2) 
289 46 3, 702 116 67 147 813 1,287 1,201 746 241 (6) (1 ) (21) (5) (1) (1) (25) (10) (13) (6) (2) 
2,549 462 1,525 8,815 4,600 789 2,751 7,032 1, 960 1,756 979 1,853 3,218 5,433 10, 168 9,286 (53) (11) (33) (50) (53) (34) (4 1) (48) (92) (91) (96) (57) (25 ) (58.8) (81.8) (77) 
84 185 176 78 33 185 249 121 
(2) (4) (1) (0 .9) (1 ) (2) (2) (1 ) 
293 8, 237 
(9) (64) 
722 168 1,155 53 23 15 149 154 41 18 25 603 ( 15) (4) (25) (0 .3 ) (1 ) (0 . 1 ) (7) (8) (4) (0 .2) (0 .2) (5) 
144 185 123 348 67 132 129 (3) (4), (0.7) (15) (1 ) (0.9) (1) 
4,810 4,200 4,621 17,630 8,680 2,320 6,710 14 ,650 2, 130 1, 930 1,020 3, 250 12,870 9, 240 12,400 12,060 
, . 
Fish 
Haven 
1,392 
(21) 
265 
(4) 
530 
(8) 
4, 144 
(65.5 ) 
33 
(0.5) 
265 
(4) 
6,630 
+:> 
00 
Flow at the point of sampling ranged from 4.6 cfs in August 1981 to 
>241 cfs in May and June of 1982. Table 7 presents the constituent 
loading (kg/yr) from Swan Creek for sampling years one and two. 
Garden City Watershed 
Land use within the Garden City watershed is dominated by the 
multiple use category (83 percent) (Table 6). While urban lands and 
recreational development make up small percentages of the total land 
use, 2 and 4 percent respectively, these land uses are concentrated 
along the lake shore. This type of development typifies many recre-
ational water bodies. Although no major lake tributaries originate 
within this watershed, septic tank seepage from lake front homes may 
impact upon the water quality of Bear Lake. Septic tank seepage will 
be discussed in a separate section. 
Pickleville Watershed 
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The major land uses within the Pickleville watershed are multiple 
use (33 percent), native grazing land (33 percent) and recreational 
development (25 percent) (Table 6). ·The Sweetwater development accounts 
for the relatively high land use value for recreational development. 
While there are no major lake tributaries within the watershed, an 
irrigation return flow ditch (SWS) which flows into the lake southeast 
of the Sweetwater development was studied. Typical discharge in this 
return flow was about 1 cfs. 
Water quality sampling and flow measurements were taken at points 
prior to discharge into the lake which were suitable for stream flow 
Table 7. Constituent loading (kg/yr) to Bear Lake from lake tributaries and other sources for 
sampling year one (YRl = April 24,1981 to April 24,1982) and sampling year two 
(YR2 = June 23, 1981 to June 23, 1982). 
BigLre-eJ(-- -- -tflg--creek 
Const ituent Swan Creek SWS (Upper Si te) (Lower Site) Falula Spring South Eden Creek 
YRI YR2 YRI YR2 YRI YR 2 YRI YR 2 YRI YR 2 YRI YR 2 
Suspended So lids: 55 73,800 'l9T,890 4,T9-0--- -0 ,T30 - - - - 2T5;800- -- -zr4,T60-TS1f,-460 -34T;-200--ZI2-,-S40---ZrZ-,31l0--T8,990---40,940 
Urthophosphat e: P04-P 
Total Phosphorus: Total P 
Ammoni a: NH3-N 
Nitrate: N03-N 
Nitrite : N02-N 
TKN 
Total N 
490 
710 
720 
6,920 
73 
3,130 
10,120 
540 
1, 860 
870 
14,570 
95 
4,110 
18,780 
42 
88 
37 
73 
4 
770 
850 
41 
En 
31 
71 
4 
770 
850 -
250 
730 
1,450 
4,110 
76 
4,520 
8,700 
240 
730 
1,430 
4,290 
79 
4,610 
8,980 
TOC 84,760 80,680 13,120 12,310 42,250 49,290 
Lifton Station Lifton Station 
Const i tuent North Eden Creek (Inflow Only) (Net Inflow) 
YRI YR2 YRI YR2 YRI YR2 
Suspended So l ids : 55 20,930 39,500 3~13,730 7,746,880 1,201,300 5,834,100 
Orthophosphate : P04-P 
Total Phosphoru s: Total P 
Ammon i a: NH3-N 
Nitrate: N03-N 
Nitrite: N02-N 
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100 
38 
200 
61 
120 
41 
230 
670 
8,340 
6,500 
17 ,420 
590 
910 
13,180 
7,940 
22,490 
830 
340 
4,970 
600 
14,320 
390 
580 
9,810 
2,030 
19,390 
640 
190 
840 
3,180 
2,840 
100 
10,160 
13,100 
83 ,480 
230 
1,250 
3,340 
3,290 
120 
13,900 
17,310 
135,960 
Causeway 
YR1 YR2 
05,233,430 
o 
o 
o 
o 
o 
140 
5,730 
1, 520 
3,710 
140 
20 
190 
180 
340 
17 
590 
950 
21,480 
20 
190 
180 
340 
17 
700 
1,060 
22,500 
29 
6 
26 
0.3 
98 
120 
1,360 
40 
11 
140 
220 
360 
3,500 
Littl e Creek Fish Haven Creek 
YR1 YR2 YR1 YR2 
n~zro---rs-l,040 6,490 219,980 
76 220 13 200 
310 600 30 570 
310 550 21 160 
900 4,910 180 1,160 
18 74 4 37 
TKN 390 500 59,640 99,840 15,440 55,640 0 73,840 1,650 3,770 110 1, 850 
To tal N 600 740 77 ,650 123,160 30,150 75,670 0 77 ,690 2,570 8,750 290 3,050 
Tu~ 5,630 7,430 927,410 1,506, 250 442,570 1,021,410 0 1,025 ,690 32,490 53,290 1,200 21,660 
Ul 
a 
measurements (sec. 34, T. 14N., R. 5 E.). Table 7 presents the 
constituent loading (kg/yr) from the irrigation return flow ditch 
for sampling years one and two. 
Round Valley Watershed 
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Land use within the Round Valley watershed is mainly divided 
between native grazing land (50 percent), multiple use (27 percent), 
and irrigated pasture and hay land (21 percent) (Table 6). The major 
tributary from this watershed that was studied is Big Creek.- Big Creek 
meanders through 8 km (5 mi) of wet, low lying pasture land prior to 
reaching the south shore of Bear Lake as Rendezvous Beach. Big Creek 
reaches its base level a few hundred feet from its main source, Big 
Spring, which limits the creek's velocity. There are three successive, 
man-made ponds near Big Spring which are used by the owner as a fish 
hatchery. Big Creek is diverted to meadows in Meadowville and Round 
Valley for flood irrigation from early spring until late summer. 
During the winter, cattle winter in this area. Cottonwood and Meadow-
ville Creeks also contribute some flow to Big Creek, but their inter-
mittent and diffuse nature does not allow their contribution to be 
monitored. 
Water quality sampling and flow measurements were taken at two 
points on Big Creek. Big Creek-upper site (sec. 3, T. 12 N., R. 5 E.) 
was located at the point where Big Creek flows under State Route 145 in 
Round Valley. This point is located approximately 1.1 km (7/10 mi) 
northeast of Big Spring. water quality sampling and flow measurements 
were taken as the creek exists a culvert by which the creek crosses 
under the road. Table 7 presents the constituent loading (kg/yr) as 
measured at this site for sampling years one and two. 
Big Creek-lower site (sec. 25, T. 13 N., R. 5 E.) was located 
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at the point where Big Creek crosses a west-east farm road which 
connects State Route 30 and the south most portion of the East Shore 
road. Water quality samples and flow measurements were taken off the 
wooden bridge which spans Big Creek at this point. An irrigation 
diversion structure, which was in place from April until Sep.tember 
1981, just downstream of the sampling site accounts for the low flow 
measurements (about 3 cfs or less) at this site during the same time 
period. From October 1981 until June 1982 the structure was open and 
did not restrict the flow in Big Creek. Table 7 presents the constitu-
ent loading (kg/yr) as measured at this site for sampling years one and 
two. 
Table 7 also presents the constituent loading (kg/yr) from Falula 
Spring . This flow originates from a spring northeast of Laketown 
within the Round Valley watershed (sec. 29, T. 13 N., R. 6 E.). Some 
of the discharge from this constantly flowing spring is diverted for 
irrigation. 
Laketown Watershed 
Land use within the Laketown watershed is dominated by the multiple 
use (46 percent) and the native grazing land (53 percent) use categories 
(Table 6). A portion of the Laketown community is contained within the 
watershed area. Several intermittent streams fed by numerous springs 
are located in Laketown Canyon, but these do not contain sufficient 
flow to impact upon Bear Lake. 
Pine Canyon Watershed 
Land use within the Pine Canyon watershed is dominated by the 
multiple use (45 percent) and native grazing land (34 percent) cate-
gories (Table 6). No major lake tributaries originate from this 
watershed. The steep terrain of the Bear Lake Plateau in this area 
limits recreational development to the lakeshore. 
South Eden Watershed 
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Multiple use (48 percent) and native grazing land (41 percent) are 
the two dominant land uses within the South Eden watershed (Table 6). 
The major lake tributary from this watershed that was studied is 
South Eden Creek. The creek is approximately 11 km (7 mi) long and is 
fed by several springs. As the creek flows from South Eden Canyon, a 
portion of the flow is diverted to adjacent pasture and hay land for 
irrigation. 
Water quality sampling and flow measurements were taken on the 
lake side of the East Shore road as the creek flows north-south along 
side the road in a man-made ditch prior to turning due west toward its 
entry into the lake (sec. 28, T. 14 N., R. 6 E.). Typical stream flow 
was less than 1 cfs and no flow was observed from July 1981 until 
February 1982. Table 7 presents the constituent loading (kg/yr) from 
South Eden Creek for sampling years one and two. 
North Eden Watershed 
Native grazing is the dominant land use (48 percent) within the 
North Eden watershed, although multiple use (26 percent) and dry 
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cropland (24 percent) make up most of the remaining land area (Table 
6). The major tributary from this watershed that was studied is North 
Eden Creek. The creek is approximately 16 km (10 mi) long and is fed 
by numerous springs along its course. Two privately owned reservoirs, 
Lower and Upper North Eden Reservoirs, were located 3 miles east of 
Bear Lake. Reconstruction of these reservoirs, used mainly to provide 
water for grazing livestock, would further reduce the flow and con-
stituent loading to Bear Lake. Little (less than 1 cfs) or ~o flow was 
observed in North Eden Creek between August and September of 1981. 
Water quality sampling and ~low measurements were taken at the 
point where the creek runs parallel to the East Shore road, just prior 
to it running into a culvert underlying the road (sec. 4, T. 14 N., R. 
6 E.). The exact location of sampling was chosen in order to provide 
ease in water sampling and suitable conditions for flow measurements. 
Table 7 presents the constituent loading (kg/yr) from North Eden Creek 
for sampling years one and two. 
Cooley Canyon Watershed 
Land use within the Cooley Canyon watershed is mainly used for 
rangeland (92 percent) (Table 6). The Bear Lake Plateau rises up 
sharply from the lakeshore limiting the use of the land area for 
development. Along the lakeshore is the North Beach State Park operated 
by the State of Idaho and the Bear Lake Sands Development. 
Indian Creek Watershed 
The major land use within the Indian Creek watershed is rangeland 
(91 percent) (Table 6). Indian Creek, the major tributary for this 
watershed, flows out of Indian Canyon in the Bear Lake Plateau. 
Although flow was observed in the creek during most of the study 
period, further investigation indicated that the creek does not reach 
Bear Lake due to a combination of its low flow (1 cfs) and irrigation 
diversion. Water quality sampling was discontinued on June 23, 1981. 
Hot Springs Watershed 
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Land within the Hot Springs watershed is mainly used for rangeland 
(96 percent) (Table 6). Within the wat ershed is the Bear Lake Hot 
Springs recreational development. Several hot springs emit from the 
base of the Merkley Mountains which rise up east of Mud Lake, but none 
enter Bear Lake directly. 
Merkley Mountains Watershed 
Land within the Merkley ~ountains watershed is mainly used for 
rangeland (57 percent) and irrigated lands (25 percent) (Table 6). 
Within this watershed is the small community of Dingle. The Ream 
Crockett Canal, also known as the Dingle Inlet, is diverted from the 
Bear River and travels through this area eventually entering the Dingle 
Marsh system. This canal was sampled at the point it crosses under the 
northern extension of the East Shore road (sec. 14, T. 14 S., R. 44 
E.). Flow data were obtained from the Utah Power and Light (UP&L) 
personnel at the Lifton pumping station who maintain a USGS gaging 
station just west of the point where sampling was performed. Table 8 
presents the constituent loading (kg/yr) from the Ream Crockett Canal 
into the Dingle Marsh system for sampling years one and two. 
Table 8 . Constituent load i ng t kg/yr) to the Dingle Marsh system from st reams and other sources 
for sampl i ng year one ( YRl = April 24, 1981 to April 24, 1982) and sampling year two 
tYR2 = Ju ne 23, 1981 to June 23, 1982) . 
Marsh Out let Canar-
(Constituent Load 
Bear River at St. Charles (B i g Leav i ng Dingle Marsh 
Cons t iluent Ream Crockett Canal Stewart Dam Bloomington Creek Spring Creek Creek Branch) System) 
YR1 YR2 YR1 YR2 YR1 YR2 YR1 YR2 YR1 YR2 YR1 YR2 
Suspended Solids: SS 207,310 511, 540 12,284,200 49 , 137,900 74,000 382,930 205,300 247,100 19,030 365, 400 11 , 721 , 900 10,310,520 
Orthophosphate: P04-P 69 79 1,120 3,460 160 420 23 34 28 250 920 370 
Total Phosphorus: Total P 440 600 21,970 65,200 440 1,550 190 260 180 730 16, 920 14,110 
Ammonia: NH3-N 360 380 6,360 10,240 430 790 94 120 70 450 11,230 10,350 
Nitrate: N03- N l,33u 1,480 25,560 47 , 500 1,240 5,620 730 1, 290 720 3,870 10,920 10,250 
Nitrite: N02-N 27 33 680 1,780 26 70 5 8 6 48 470 450 
TKN 2,180 3,050 65,590 212,500 2,400 6,390 830 1,100 310 4,230 198,500 187,550 
To ta l N 3,530 4,570 91,830 261,780 3,670 12 ,080 1,560 2,400 1,040 8,150 209,900 198,250 
TOC 28,670 40,210 1,036,190 2,897,950 24 ,600 75,760 9,060 13,040 6,600 62,250 1,475,520 1,313, 340 
-------_._----
(J1 
()) 
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Dingle Swamp Watershed 
While some land area is used for irrigation land (10 percent) and 
rangeland (25 percent), the major land use within the Dingle Swamp 
watershed is 64 percent for the Bear Lake National Wildlife Refuge 
(Tab 1 e 6). 
Table 7 presents the constituent loading (kg/yr) from the Bear 
River as it is diverted by Stewart Dam (sec. 34, T. 14 S., R. 44 E.) 
down the Rainbow Canal and into Dingle Marsh and the constituent 
loading leaving Dingle ~Iarsh system through the Outlet Canal (sec. 6, 
T. 14 S., R. 44 E.). An entire section of the Phase I Diagnostic 
Feasiability Study of Bear Lake is devoted to the Dingle Marsh system 
and should be referred to with respect to its relationship to Bear Lake 
[Lamarra et al., 1983J. 
Table 7 presents constituent loading that enters Bear Lake through 
the Lifton pumping station and the causeway, located east of Lifton. 
Constituent loading at the Lifton sampling site has been presented two 
ways. The loading associated with the flow entering Bear Lake and the 
net loading associated with flow into and flow out of Bear Lake are 
presented in Table 7. The causeway structure was used in May and June 
of 1982 in order to handle the additional Bear River spring runoff 
. . 
flow. Flow measurements for these sites and those mentioned above 
were obtained from the Utah Power and Light records at the Lifton 
pumping station. 
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Paris Watershed 
Land within the Paris watershed is mainly used for rangeland (58.8 
percent) (Table 6). Paris Creek is the major tributary within the 
watershed. After exiting Paris Canyon, the creek branches out east of 
U.S. Hwy. 89 and enters low lying hay and pasture land. Paris Creek 
was not studied since it does not enter Bear Lake and has little, if 
any, impact upon the Dingle Marsh system. 
~loomington Watershed 
Land within the Bloomington watershed is mainly used for rangeland 
(81.8 percent) (Table 6). Bloomington Creek, the major tributary in 
the watershed, flows from Bloomington Canyon. Prior to crossing U.S. 
Hwy. 89, the creek branches into three separate flows. Composite 
sampling was conducted on these flows at the points where they cross 
U.S. Hwy. 89 (sec. 26, T. 14 S., R. 43 E.). The composite constituent 
loading (kg/yr) from these flows which enter into the Dingle Marsh 
system are presented in Table 8. 
St. Charles Watershed 
Land within the St. Charles watershed is mainly used for rangeland 
(77 percent) (Table 6). Three tributaries were studied within this 
watershed of which only one flows into Bear Lake. Little Creek, which 
branches off of St. Charles Creek prior to the point where St. Charles 
Creek reaches U.S. Hwy. 89, enters Bear Lake southeast of the community 
of St. Charles. After this branching, St. Charles Creek travels north 
joining up with Spring Creek and then the combined flow enters Dingle 
Marsh. 
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Numerous springs contribute to the approximately 13 mile length of 
St. Charles Creek as it flows down St. Charles Canyon. The canyon is 
used for grazing cattle and also for recreation. 
Water quality sampling and flow measurements were taken at the 
points where each of the above mentioned creeks cross under U.S. Hwy. 
89 through culverts (sec. 14 and 2, T. 15 5., R. 43 E.). Table 7 
presents the constituent loading (kg/yr) from Little Creek to Bear 
Lake. Table. 8 presents the constituent loading (kg/yr) from St. 
Charles and Spring Creek to Dingle Marsh. 
Fish Haven Watershed 
The dominant land use within the Fish Haven watershed is range-
land (62.5 percent) (Table 6). The major tributary coming from this 
watershea that was studied is Fish Haven Creek. The creek is approxi-
mately 11 km (7 mi) long and is fed by several springs, the major 
spring being Sadducee Spring. The creek is commonly diverted for 
irrigation use which partially accounts for its low flow (about 2 cfs) 
and the lack of flow late June till November in 1981. 
Water quality sampling and flow measurements were taken on the 
east side of the U.S. Hwy. 89 briage spanning Fish Haven Creek (sec. 
14, T. 16 S., R. 43 E.). Table 7 presents the constituent loading 
(kg/yr) from Fish Haven Creek for sampling years one and two. 
Summary of Tributary Constituent Loading 
Nutrient loading data (kg/yr) is often normalized by dividing by 
the watershed area (ha) to produce unit area loads [Wanielista et al., 
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1977J. This procedure should be limited to studies examining watersheds 
with homogeneous land use. The unit area load values obtained can then 
be compared to those derived from watersheds with similar land use. 
This approach can be misleading in that it focuses upon land use along 
[Novotny and Chesters, 1981J. Although the activity associated with 
the land use may produce some pollution directly, many other factors 
influence the magnitude of the unit area load. 
The previous section has presented individual watershed descrip-
tions in terms of land use and constituent loading (kg/yr) from 
tributaries within these watersheds. In order to compare the relative 
importance of these watersheds with respect to their impact on Bear 
Lake and to discuss the watershed management strategy, analysis is 
presented herein in terms of lake tributary loading of total phosphorus, 
total nitrogen, suspended solids, and total organic carbon (TOC). 
Figures 7 and 8 represent the total phosphorus loading from 
lake tributaries. Figure 7 depicts the tributary loading percentages 
to Bear Lake's total phosphorus budget for sampling years one and two, 
while Figure 8 presents the loading in terms of kilograms per year 
(kg/yr). The major contributors to Bear Lake's total phosphorus budget 
during the study were Big Creek, Swan Creek, and the inflow of Bear 
River drainage water entering via the Lifton pumping station and the 
causeway. 
Figure 9 and 10 represent total nitrogen loading from lake 
tributaries. Figure 9 depicts the tributary loading percentages to 
Bear Lake's total nitrogen budget for sampling year one and two, while 
Figure 10 presents the loading in kilograms per year (kg/yr). The 
(YR1) 68% LIFTON (YR2) 48% 
(YR1) 0% CAUSEWAY 
(YR2) 28% 
L ITTLE ~(Y;..;.R;.;..l~) .4 %-.0 --1~ 
CREEK (YR2) 3% 
FISH (YR1) 0.4% 
~~~~~ (YR2) 3.0% 
S\~AN (YR1) 10% 
CREEK (YR2) 9% 
S~IS (YR1) 1.0% 
(YR2) 0.4% 
(YR1) 12% 
BEAR 
LAKE 
BIG CREEK 
(YR1) 1% NORTH 
(YR2) 1% EDEN CREEK 
(YR1) 0.4% SOUTH 
EDEN 
(YR2) 0.2% CREEK 
(YR1) 3% FALULA 
(YR2) 1% SPRING 
(LOWER SITE) (YR2) 6% 
t 
BIG CREEK 
(UPPER SITE) 
61 
Figure 7. Tributary loading percentages to Bear Lake's total 
phosphorus budget for sampling year one (YRl = April 24, 
1981 to April 24, 1982) and sampling year two (YR2 = June 
23, 1931 to June 23, 1982). 
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Figure 8. Tributary loadings to Bear Lake's total phosphorus budget 
of 7,267 kg/yr in sampling year one (YR1 = April 24, 1981 
to April 24, 1982) and 20,251 kg/yr in sampling year two 
(YR2 = June 23, 1981 to June 23, 1982) . 
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Figure 9. Tributary loading percentages to Bear Lake's total nitrogen 
budget for sampling year one (YRl = April 24, 1981 to 
April 24, 1982) and sampling year two (YR2 = June 23, 1981 
to June 23, 1982) . 
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Tributary loadings to Bear Lake's total nitrogen budget of 
58,750 kg/yr in sampling year one (YR1 = April 24, 1981 to 
April 24, 1982) and 204,260 kg/yr in sampling year two 
(YR2 = June 23, 1981 to June 23, 1982). 
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major contributors again were inflows from the Lifton pumping station, 
Big Creek, Swan Creek, and the causeway when it was in operation. 
Similar figures are provided for suspended solids (Figures 11 and 
12) and total organic carbon (TOC) (Figures 13 and 14). Again the 
major contributors were the same as above with the addition of Falula 
Spring during sampling year one for suspended solids. 
Comparison of values for certain individual tributary loading 
percentages (e.g. Little Creek) from sampling years one and -two vary 
relatively little, considering the contrast in constituent budgets 
between the two sampling years. Swan Creek and Big Creek loading 
percentages decreased from sampling year one to sampling year two 
although their actual loading (kg/yr) was greater in sampling year two. 
Their relative contribution to the total lake budget was smaller in 
sampling year two due to a larger constituent budget and increased 
relative contributions from the combined flow entering the lake via 
Lifton Station and the causeway. 
~ith respect to a watershed management plan, consideration 
should be given to the following tributaries and their respective 
watersheds: Big Creek in the Round Valley watershed, Swan Creek in the 
Swan Creek watershed, and Bear River drainage flow entering Bear Lake 
via the Lifton pumping station and the causeway. The following section 
will take a more in-depth view of these specific contributors in order 
to better understand their respective characteristics. 
Regression analysis was used to determine if a relationship 
between constituent concentrations and stream discharge existed for 
these contributors. The result of this analysis indicated that no 
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Figure 11 . Tributary loading percentages to Bear Lake's suspended 
solids budget for sampling year one (YRl = April 24, 1981 
to April 24, 1982) and sampling year two (YR2 = June 23, 
1981 to June 23, 1982). 
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Figure 12. Tributary loadings to Bear Lake's suspended solids budget 
of 1,774,240 kg/yr in sampling year one (YR1 = April 24, 
1981 to April 24, 1982) and 12,770,730 kg/yr in sampling 
year two (YR2 = June 23, 1981 to June 23, 1982). 
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Figure 13. Tributary loading percentages to Bear Lake's total organic 
carbon budget for sampling year one (YRl = April 24, 1981 
to April 24, 1982) and sampling year two (YR2 = June 23, 
1981 to June 23,1982) . 
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Figure 14. Tributary loadings to Bear Lake's total organic carbon 
budget of 686,090 kg/yr in sampling year one (YR1 = April 
24, 1981 to April 24, 1982) and 2,384,430 kg/yr in sampling 
year two (YR2 = June 23, 1981 to June 23, 1982). 
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statistically significant relationships (r2<0.29) between total 
phosphorus, total nitrogen, suspended solids, and total organic carbon 
with stream discharge existed. 
Other studies [Taylor et al., 1971; Stone, 1974; Schneider et al., 
1979J also attempted to determine relationships between nutrient 
concentration and stream flow using regression analysis and found no 
meaningful relationships. Johnson [1979J concluded that the calculation 
of phosphorus flux using regressions of concentration on flow are the 
most satisfactory for grab sample studies where solute concentration is 
correlated with stream discharge because regressions account for solute 
export at the highest flows better than other methods. 
Regressing nutrient loading vs. stream flow is sometimes attempted 
to obtain continuous loading from continuous discharge data. Linear 
relationships were developed to correlate average flows and corre-
sponding mass loadings for various constituents in a study by Wanielista 
et al. [1977J. This is an artificial correlation [Schneider et al., 
1979J. Because loading is the product of concentration and discharge, 
regressing loading vs. stream flow is simply regressing a function of 
discharge vs. discharge, thereby forcing the data into a rectilinear 
relationship. Riggs [1970J has shown that if x and yare random 
numbers, and z (z=xy) is regressed against x, a good rectilinear 
relationship is found where one did not exist between x and y. 
The following discussion focuses on the periodicity of con-
stituent loading from the major contributors mentioned above using 
graphs which present flow or constituent loading vs. time. This view 
of constituent loading may allow for the application of control measures 
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during major loading episodes when the maximum benefit can be obtained. 
Studies have shown that just a few storms during a given year were 
responsible for the bulk of the total annual nutrient load [Reckhow 
et al., 1980J. The influence of intense rainfall events should not be 
overlooked. The rainfall factor (R), part of the Universal Soil Loss 
Equation (USLE) commonly used to estimate soil loss by water erosion, 
calculated from rainfall event data in a study of nonpoint source 
loading rates from selected land uses was influenced by an intense 
storm which accounted for approximately 44 percent of the total R value 
[Daniel et al., 1982J. Taylor et al. [1971J also noted the influence 
of a single intense storm event upon surface runoff and nutrient 
transport. A study of surface runoff and sediment loss from small 
agricultural watersheds by Hubbard et al. [1982J observed the largest 
sediment losses were associated with major rainfall events. Of the 
sediment lost over a 2 year period, 99 percent was removed during 11 
months, of which 64-86 percent was lost during a single April storm. 
Swan Creek 
Figure 15 presents the flow (cfs) from Swan Creek for the duration 
of the study. High flows are associated with spring runoff periods of 
April through June. In 1981, the April through June period was subject 
to fluctuation in flow and returned to a base level in early June. 
During the same time period in 1982, the flow peaked in late April and 
remained steady through June. Although further flow measurements were 
not taken after June 22, 1982, comparison of the characteristics of 
these two flow periods reveals the larger magnitude of the 1982 spring 
runoff. 
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Figure 15. Flow (cfs) into Bear Lake from Swan Creek in the Swan 
Cre~k watershed for the duration of the study. 
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Figure 16 presents the total phosphorus loading (kg/day) from 
Swan Creek for the duration of the study. An increase in loading was 
associated with the 1982 spring runoff period. Increased loading 
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during the 1981 spring runoff was much smaller. Although flow remained 
steady during the 1982 spring runoff, total phosphorus loading decreased 
rapidly as the runoff period progressed. This characteristic may be 
similar to the "first flush" phenomenon which occurs during individual 
storm events [Reckhow et al., 1980]. Stream flow and nutrient concen-
trations are subject to dramatic changes during a storm event. During 
the initial rise of the hydrograph, the particulate component increases 
rapidly. This is believed to be the result of the dislodging of 
particulate matter from the land surface during the initial stages of 
runoff, leaving little material for transport at later periods. 
Viewing the spring runoff period as an extended storm event, the total 
phosphorus and suspended solids loading display a "first flush" charac-
ter (Figures 16 and 17). 
Figure 17 presents the total nitrogen loading (kg/day) from 
Swan Creek for the duration of the study. Similar to total phosphorus 
loading, an increase in total nitrogen loading was associated with 
the spring runoff of 1982. Loading decreased as the 1982 spring runoff 
progressed, but not as rapidly as the total phosphorus loading. The 
other peaks that occurred in Figure 17 are associated to some degree 
with peaks in flow as seen in Figure 15. Total nitrogen loading was 
subject to more fluctuations during summer, fall, and winter than total 
phosphorus loading, which remained relatively steady during this time. 
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Figure 16. Total phosphorus loading (kg/day) into Bear Lake from Swan 
Creek in the Swan Creek watershed for the duration of the 
study. 
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Figure 17. Total nitrogen loading (kg/day) into Bear Lake from Swan 
Creek in the Swan Creek watershed for the duration of the 
study. 
Figure 18 presents the suspended solids loading (kg/day) from 
Swan Creek for the study period. The Swan Creek watershed released 
very little suspended solids via the major tributary, Swan Creek, 
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during most of the study. The only release of suspended solids observed 
was associated with the 1982 spring runoff. The 1981 spring runoff 
period also displayed a suspended solids release, but it was not of 
the same magnitude observed in 1982. 
Figure 19 presents the total organic carbon (TOC) loadipg (kg/day) 
from Swan Creek for the study period. A sharp peak occurred in late 
May and in early November of 1981. A more sustained increase in TOC 
loading is associated with the 1982 spring runoff period. During other 
portions of the study period, the TOC loading was relatively steady. 
Big Creek 
Big Creek, as discussed in the Round Valley watershed descrip-
tion, was studied at two points, an upper site and a lower site. 
Data from the upper site characterize the creek prior to flowing 
through Round Valley where cattle are grazed and flood irrigation is 
practiced. Data from the lower site represent the creek just prior to 
its entry into Bear Lake. In order to compare the constituent loading 
as measured at these two monitoring sites, the following graphs present 
constituent loading vs. time using values from both locations. 
Figure 20 presents the flow measured at the upper site and 
lower sampling sites for the study period. In order to discuss the 
figure in simpler terms it can be viewed as three different time 
periods. During period one, from April to mid-September of 1981, the 
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Figure 18. Suspended solids loading (kg/day) into Bear Lake from Swan 
Creek in the Swan Creek watershed for the duration of the 
study. 
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Figure 19. Total organic carbon (TOC) loading (kg/day) into Bear Lake 
from Swan Creek in the Swan Creek watershed for the 
duration of the study. 
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Figure 20. Flow (cfs) from Big Creek in the Round Valley watershed 
for the duration of the study . Lower site values represent 
flow into Bear Lake while upper site values represent flow 
in the upper reach of the creek . 
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flow measured at the upper was greater than that measured at the lower 
site. This period corresponds to the time period when the irrigation 
control structure was in place just downstream of the lower site 
restricting the flow. Once the irrigation control structure was opened 
during period two, from mid-September to mid-February, the flow at the 
lower site exceeded that at the upper site until December. During 
December and January, the flow at the upper site measured slightly 
higher than the lower site. During period three, mid-February until 
June of 1982, flow at the lower site exceeded that at the upper site. 
Some early snowmelt in late February contributed to the initial peak 
noted at the lower site. The second peak measured in May of 1982 is 
associated with the "true" spring runoff. Note that the flow at the 
upper site supplied a relatively small amount to the total flow measured 
at the lower site. This indicates that inflow to the creek in the 
Round Valley is a major portion of the discharge during this period. 
Figure 21 presents the total phosphorus loading (kg/day) measured 
at the lower and upper sites on Big Creek for the study period. 
Total phosphorus loading remained at approximately 2 kg/day in 1981 
until November when loading roughly doubled at both sites. From 
November until mid-February the total phosphorus loading at the upper 
site was greater than at the lower site. This indicates that total 
phosphorus loading present in the creek at the upper site was taken up 
by some mechanisms(s) prior to reaching the lower site. Total phos-
phorus loading from Big Creek showed two peaks during the remaining 
study period. An early snowmelt in mid-February was associated with a 
sharp peak at both monitoring sites. During the 1982 spring runoff, a 
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Figure 21. Tbtal phosphorus loading (kg/day) from Big Creek in the 
Round Valley watershed for the duration of the study. 
Lower site values represent loading into Bear Lake while 
upper site values represent loading in the upper reach of 
the creek. 
second, more sustained, peak occurred. However, this second peak was 
only measured at the lower site indicating that the land area and 
associated land use below the upper site location was the major con-
tributor of the total phosphorus loading. 
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Figure 22 presents the total nitrogen loading (kg/day) as measured 
at the upper and lower monitoring sites on Big Creek. Major peaks in 
total nitrogen loading were associated with the early snowmelt in 
mid-February 1982 and the spring runoff during May through June of 
1982. During the earlier portion of the study, April through October 
of 1981, the total nitrogen loading at both sites was about 10 kg/day 
with only minor fluctuations. Total nitrogen loading peaks during the 
1982 spring runoff had greater magnitude at the lower site than at the 
upper site. The pattern of these peaks in total nitrogen loading 
indicates that the land area and associated land use below the upper 
site are the major contributors. 
Figure 23 presents the suspended solids loading (kg/day) as 
measured at the upper and lower sites on Big Creek for the study 
period. From the initiation of sampling operation in April of 1981, 
the suspended solids loading fluctuated below a level of 500 kg/day. A 
sharp peak in loading occurred at the upper site only in mid-November. 
Loading at the lower site did not respond to this peak and remained 
less than 500 kg/day until mid-February. After this time, the suspended 
solids loading at the upper site decreased except for a minor peak 
associated with the beginning of the 1982 spring runoff in mid-April. 
Loading measured at the lower site increased during the early snowmelt 
in late February and remained at about 1500 kg/day. The largest peak 
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'igure 22. Total nitrogen loading (kg/day) from Big Creek in the 
Round Valley watershed for the duration of the study. 
Lower site values represent loading into Bear Lake while 
upper site values represent loading in the upper reach of 
the creek. 
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Figure 23. Suspended solids loading (kg/day) from Big Creek in the 
Round Valley watershed for the duration of the study. 
Lower site values represent loading into Bear Lake while 
upper site values represent loading in the upper reach of 
the creek. 
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is associated with the 1982 spring runoff; at this time, the suspended 
solids loading reached roughly 6400 kg/day. This loading then declined, 
displaying a pattern similar to the IIfirst flush" phenomenon discussed 
in the Swan Creek section, above. 
Figure 24 presents the total organic carbon (TOC) loading (kg/day) 
as measured at the upper and lower sites on Big Creek. During the 
initial portion of the monitoring period, the TOC loading at both 
sites remained less than 200 kg/day. The majority of the TOC loading 
was associated with the two peaks which coincided with the 1982 early 
snowmelt and spring runoff, respectively. The TOC loading peaks which 
occurred at these times were higher at the lower site than at the upper 
site. 
Lifton Pumping Station 
Figure 25 presents the flow of water in and out of Bear Lake 
as measured at the Lifton pumping station. Flow measurements were 
provided by the Utah Power and Light records at Lifton. Water released 
from Bear Lake, which is represented by negative values in Figure 25, 
is used to supply irrigation allocations along the Bear River drainage 
and hydroelectric power as specified in the Bear River Compact [Utah 
Division of Water Resources, 1979J. Unlike any other constituent 
loading input point to Bear Lake, the Lifton pumping station has the 
ability to remove constituents from the lake when water flows through 
the station back into the Dingle Marsh System. Figures (Figures 7 
through 14) presented earlier reported the net input of constituents to 
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:igure 24. Total organic carbon (TOC) loading (kg/day) from Big Creek 
in the Round Valley watershed for the duration of the study. 
Lower site values represent loading into Bear Lake while 
upper site values represent loading in the upper reach of 
the creek. 
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Figure 25. Flow (cfs) into Bear Lake as measured at the Lifton pump-
ing station for the duration of the study (1981-1982). 
Negative values represent flow from Bear Lake into Dingle 
Marsh. 
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Bear Lake, but it should be noted that water released from the lake 
into the marsh is a constituent removal mechanism. 
Since the study focuses upon the impact to Bear Lake, discussion 
of constituent loading will be limited to those times when loading via 
the Lifton pumping station was of considerable magnitude. Figure 26 
presents the total phosphorus loading as measured at the Lifton pumping 
station for the study period. From mid-February to mid-April in 1982 
the total phosphorus loading was about 120 kg/day. This loa~ing 
episode was followed by another peak which was associated with the 1982 
spring runoff in the Bear River Range. Loading peaked in early April 
and May and then declined with time as seen in Figure 26. These two 
loading events accounted for the majority of the total phosphorus 
loading to Bear Lake through the Lifton pumping station. A single, 
sharp peak, which occurred in June of 1981, represents the extent of 
loading associated with the 1981 spring runoff from the Bear River 
drainage. 
Figure 27 presents the total nitrogen loading (kg/day) as measured 
at the Lifton pumping station for the study period. 
the y-axis should be multiplied by a factor of 10. 
Loading values on 
Total nitrogen 
loading follows a similar pattern to total phosphorus loading in that 
major loading episodes occurred in the February-April and May-June time 
periods. Again, a single, sh~rp peak in June of 1981 represents the 
contribution from the 1981 spring runoff from the Bear River drainage. 
Figure 28 presents the suspended solids loading (kg/day) as 
measured at the Lifton pumping station for the study period. Loading 
values on the y-axis should be multiplied by a factor of 100. During 
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Figure 26. Total phosphorus loading (kg/day) into Bear Lake as 
measured at the Lifton pumping station for the duration 
of the study (1981-1982) . Negative values represent 
loading from Bear Lake into Dingle Marsh. 
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Figure 27. Total nitrogen loading (kg/day) into Bear Lake as measured 
at the Lifton pumping station for the duration of the study 
(1981-1982). Negative values represent loading from Bear 
Lake into Dingle Marsh. 
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Figure 28. Suspended solids loading (kg/day) into Bear Lake as 
measured at the Lifton pumping station for the duration 
of the study (1981-1982). Negative values represent 
loading from Bear Lake into Dingle Marsh. 
the time when water was entering the lake, the major loading of sus-
pended so 1 ids occurred duri ng the February-April and tv'lay-June time 
periods. 
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Figure 29 presents the total organic carbon (TOC) loading (kg/day) 
as measured at the Lifton pumping station for the study period. 
Loading values on the y-axis should be multiplied by a factor of 100. 
Major loading was associated with the two peaks in February-April and 
f'ilay-June in 1982. A s ingl e, sharp peak in June of 1981 was .associ ated 
with the 1981 spring runoff from the Bear River drainage. 
The Causeway 
The causeway, located approximately 1.3 km (8/10 mi) east of 
the Lifton pumping station, is used to handle additional water volume 
entering the Dingle f'ilarsh system. If flow entering the system through 
the Rainbow Canal exceeds 1500 cfs, the causeway is opened to let the 
additional flow pass from Mud Lake into Bear Lake. During sampling 
year one, it was not necessary to use the causeway, but the spring 
runoff in May and June of sampling year (1982) two required the causeway 
to be opened. This flow was sampled on ~ay 18 and June 8, 1982. Flow 
measurements were obtained from the Utah Power and Light records at 
the Lifton pumping station. Although the causeway was only open 
for approximately five weeks, the loading of total phosphorus, total 
nitrogen, suspended solids, and total organic carbon associated with 
the flow entering Bear Lake via this structure comprised 28 to 43 
percent of the sanlpling year two budgets with respect to these con-
stituents, as shown in Figures 7 through 14. Figures 30 through 33 
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Figure 29. Total organic carbon (TOC) loading (kg/day) into Bear Lake 
as measured at the Lifton pumping station for the duration 
of the study (1981-1982). Negative values represent load-
ing from Bear Lake into Dingle Marsh. 
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Figure 30. Total phosphorus loading (kg/day) into Bear Lake via the 
causeway east of Lifton for the duration of the study. 
95 
2500 ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
2000 I I 
<;l 
I I 
I I 
'""' 
I I 
I I ~ I I 
I I (0 
I I 
-u I I 
I I 
......... 1500 I I I I C) I I 
I I 
..::t. I I 
-.- I 
I 
I 
I Z I 
I 
I 
1000 I I (0 I 
I 
-+-' I 
I 
0 I 
I ~ I 
I 
I 
I 
I 500 I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0 
A M J J A S a N 0 J F M A M J 
Our-at ion of Study (1981-1982) 
Figure 31. Total nitrogen loading (kg/day) into Bear Lake via the 
causeway east of Lifton for the duration of the study _ 
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Figure 32. Suspended solids loading (kg/day) into Bear Lake via the 
causeway east of Lifton for the duration of the study. 
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Figure 33. Total organic carbon (TOC) loading (kg/day) into Bear Lake 
via the causeway east of Lifton for the duration of the 
study. 
98 
present the respective constituent loadings (kg/day) into Bear Lake via 
the causeway for the duration of the study. The magnitude of the 
loading peaks observed in these figures is due to the large flow (> 
1400 cfs) and constituent concentrations. 
Atmospheric Nutrient Loading 
The topographic relief of the Bear Lake Basin influences the local 
weather patterns and thus the distribution of precipitation. Annual 
precipitation over the Bear River range, the eastern slopes of which 
are contained within the Bear Lake drainage basin, ranges from 76 cm 
(30 in) in the high mountains to 51 cm (20 in) on the lower slopes 
[Jeppson et al., 1968]. Annual precipitation over Bear Lake, repre-
sented by weather station measurements taken at Laketown and the Lifton 
pumping station, is approximately 25 to 28 cm (10 to 11 in). East of 
Bear Lake, the Bear Lake Plateau receives 16 inches of annual precipi-
tation. The Bear River range, in effect, acts to protect the Bear Lake 
area from severe cloud burst flooding and subsequent erosion [Kaliser, 
1972]. This differential rainfall pattern affects stream flow, the 
type and amount of vegetation, groundwater recharge and the overall 
hydrologic input to Bear Lake. 
Table 9 presents the monthly precipitation records and the 
departure from normal monthly precipitation from the weather stations 
located at Laketown, Utah, and the Lifton pumping station, Idaho, 
from January 1981 to June 1982. These two stations (Figure 6) are 
located at the south and north ends of Bear Lake, respectively, and are 
separated by approximately 32 km (20 mi). Several points should be 
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Table 9. Monthly precipitation (inches) and the departure from 
normal precipitation (inches) for Laketown, Utah, and 
the Lifton pumping station, Idaho, from January, 1981 
to June 1982. Note: Normal precipitation is based upon 
1941 to 1970 precipitation records [NOAA, 1981-1982a,b]. 
Month Laketown, Departure Lifton Pump- Departure 
Utah ing Station 
January, 1981 0.37 -0.55 0.57 -0.06 
February 0.16 -0.66 0.20 -0.41 
~larch 0.79 -0.07 1.20 0.32 
April 0.32 -0.86 0.61 -0.39 
May 1.11 -0.08 2.36 1.19 
June 0.65 -0.69 1.16 -0.13 
July 0.79 0.35 0.35 -0.17 
August 0.16 -0.66 0.16 -0.67 
September 0.55 -0.30 0.46 -0.41 
October 2.77 1. 76 2.60 1. 77 . 
November 0.93 -0.17 1.39 0.62 
December 1.66 0.62 1. 73 1.03 
1981 Totals 10.27 -1.31 12.61 2.69 
January, 1982 1.37 0.45 1.15m 
February 1.01 0.19 0.77 0.16 
March 1.33 0.47 1.47 0.77 
Apri 1 1.25 0.07 1.31 0.31 
May 1.46 0.27 1.34 0.17 
June 0.31 -1.03 0.36 -0.93 
m = missing some data: 
noted from the data presented in Table 9. First, differential precipi-
tat ion patterns over Bear Lake are apparent considering the difference 
in values recorded at the Laketown and Lifton stations during the same 
months. During 1981, many monthly precipitation departure values 
indicate lower than normal precipitation. This resulted in a 1981 
annual precipitation deficit of 3.3 cm (1.31 in) at the Laketown 
station while the Lifton station had 6.83 cm (2.69 in) more than normal 
for 1981. As shown in Table 9, monthly precipitation in 1982 was above 
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normal for both stations with respect to the same time period in 1981 
and with normal monthly values. This additional precipitation con-
tributed to a large spring runoff in 1982 as compared to 1981. 
Monthly precipitation and departure values were summed accord-
ingly in order to compare sampling year one (April 24, 1981 to April 
24, 1982) with sampling year two (June 23, 1981 to June 23, 1982). 
These data are presented in Table 10. 
Years one and two at the Laketown station were essentially 
the same in terms of precipitation and departure values. For the 
Lifton station, year one had 4.62 additional cm (1.82 in) of precipi-
tation, compared to year two. During the duration of study, Table 10 
indicates precipitation was higher than normal. 
To further illustrate the differential precipitation patterns 
within the Bear Lake drainage basin, Table 11 presents monthly pre-
cipitation data recorded at the Soil Conservation Service (SCS) Garden 
City Summit snow survey station (Figure 6). Table 12 presents snow 
data for the same site. 
Precipitation data in Table 11 for 1981 indicates that monthly 
and accumulative precipitation values were lower than the respective 
average values. Monthly and accumulative values in 1982 were higher 
than the respective average values. The contrast in 1981 and 1982 is 
easily seen by comparing the percent of average accumulative precipita-
tion values in the last column in Table 11. 
Table 12 shows the contrast in monthly snow water content at the 
Garden City Summit snow survey station between 1981, 1982, and the 
average values. The 1982 snowpack was much more developed on the Bear 
River range, as opposed to 1981, and lasted longer into the year. 
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Table 10. Precipitation (inches) and departure from normal preClpl-
tation (inches) values measured at Laketown, Utah, and at 
Lifton pumping station, Idaho, for sampling years one and 
two and for the duration of the study [NOAA, 1981-1982a,b]. 
Laketown, Departure Lifton Pump- Departure 
Utah ing Station 
Sampling 13 .58 2.01 14.91 4.47 
Year One 
Sanpl ing 13 .59 2.02 13.09 2.65 
Year Two 
Duration 15.35 1.25 16.61 3.71 
of Study 
Sampling Year One = Apr il 24, 1981 to April 24, 1982. 
Sampl i ng Year Two = June 23, 1981 to June 23, 1982. 
Our at ion of Study = Apr il 24, 1981 to June 23, 1982. 
Table 11. Monthly precipitation data for the SCS Garden City Summit 
snow survey station [SCS, 1981-1982]. 
Date Month's Average* Accumulative Precipitation 
Prec i pi- (inches) from October 1 to Date 
tat ion This % of 
(inches) Year Average Average 
1/27/81 0.51 4.27 4.43 12.33 36 
2/22 2.00 3.47 6.43 15 .80 41 
3/25 2.14 3.43 8.57 19.23 45 
4/24 2.51a 3.10 11.08 22.33 50 
6/02 5.07 2.14b 16.15 24.47 66 
6/30 0.54 16.69 
July-Sept 1.49 18.18 
1981 Total = 18.18 inches 
1/26/82 4.27 11.06 12.33 90 
2/24 3.84 3.47 19.4P 15.80 123 
3/25 4.81 3.43 24.22a 19.23 126 
4/25 4.25 3.10 28.47a 22.33 127 
5/26 1.16 2.14b 30.08 24.47 123 
a = partly estimated. 
b = average of past record in average period less than 15 years. 
*1963-1977, 15 year average period. 
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Table 12. 1982 monthly snow data for SCS Garden City Summit snow 
survey station [SCS, 1981-1982J. 
Date of Snow Water Water Content (inches) 
Survey Depth Content Last Year Average 
(inches) (inches) 
1/26 50 14.7 3.9 11. 6 
2/24 55 18.2 5.9 15.3 
3/25 67 24.0 7.1 18.5 
4/25 58 24.5 4.2 18.5 
5/26 20 9.6 0.0 3.5 
Snowmelt contributes to both spring and stream discharge. The volume 
and duration of this flow in turn increases the nutrient loading to 
Bear Lake since it is the major transport mechanism. 
The National Eutrophication Survey (NES), which was conducted 
by the EPA (1972-1976) in order to investigate the trophic status of 
freshwater lakes and reservoirs, attempted to estimate the nutrient 
loading from precipitation as part of their lake survey methods [EPA, 
1975J. Atmospheric nutrient loading was estimated using a value of 
10.796 kg of total nitrogen/hectare lake surface/year and 0.175 kg 
total phosphorus/ hectare lake surface/year as an estimate of total 
nitrogen and total phosphorus in precipitation. The nitrogen estimate 
was eased on the average result reported by Weible [1969J and Corey et 
al. [1967J for areas receiving approximately 76 cm (30 in) of rainfall 
per year. The total phosphorus estimate lies between the number 
reported by Corey et al. [1967J for soluble phosphorus and the lower 
end of the range reported by Weible [1969J for the Cincinnati, Ohio, 
area. 
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The estimate of atmospheric nutrient loading using these values 
contains several problems which will be presented with respect to their 
application to Bear Lake. Neither value takes into account annual 
precipitation the lake receives. Clearly, estimates based on areas 
receiving 76 cm (30 in) per year, located in the industrialized 
eastern area of the United States, are not applicable to a western lake 
receiving 25 to 28 cm (10 to 11 in) of precipitation per year. When 
estimates were calculated for the nutrient loading from precipitation 
into Bear Lake in the final NES report [EPA, 1977J, an erroneous lake 
surface area value (170 km 2) was used. This figure also was used to 
calculate the lake's volume and hydraulic detention time producing more 
erroneous results. 
Atmospheric nutrient loading to Bear Lake will be estimated 
using total phosphorus values obtained from snow and rain samples taken 
during Bear Lake sampling operations and precipitation events in Logan, 
Utah, and nitrogen values from other studies. Nutrient concentrations 
reported in precipitation sampling studies conducted in the vicinity of 
Bear Lake are reported in Table 13. Schmidt [1971J conducted a rain-
fall sampling study around Bear Lake. The average values for total 
phosphorus and nitrogen reported in Table 13 from his work vary with 
sampling location. Schmidt offered no explanation for this variation. 
Sampling and water quality analysis technique may have contributed to 
range of values he obtained. 
Table 14 presents total phosphorus concentrations in snow and 
rain sampled during the study period. These total phosphorus values 
have a narrower range than those reported in Table 13. The average 
total phosphorus concentration is 0.028 mg/l. 
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Table 13. Total phosphorus and nitrogen concentrations in precipita-
tion sampled in the vicinity of Bear Lake. 
Location 
St. Charles, Idaho 
(2 mile s we s t 0 f 
Bear Lake) 
Lakot a, Ut ah 
(1/4 mile west of 
Bear Lake) 
Picklevi11e, Utah 
(50 ft. west of 
Bear Lake) 
Laketown, Ut ah 
(50 ft. south of 
Bear Lake) 
East Shore of Bear 
Lake (1/2 mile east 
of Bear Lake and 1 
mile south of North 
Eden Canyon) 
Blacksmith Fork in 
Bear River Range 
Near Bear Lake 
Summit, Utah 
Total P 
Concentra-
tion 
(mg/l) 
0.32 
0.09 
2.5 
0.14 
0.05 
0.05 
Nitrogen 
N03-N 
Concentra-
tion 
(mg/l) 
3.4 
1.6 
14.0 
14.7 
3.1 
0.55 
0.16 
Reference 
Schmidt, 1971 
Schmidt, 1971 
Schmidt, 1971 
Schmidt, 1971 
Schmidt, 1971 
Hart and Parent, 
1974 
Ko 11 ock and 
Gutierrez, 1980 
Table 14. Total phosphorus concentrations determined in rainfall and 
snow samples taken during the study period [Herron, 1983J. 
Location Type of Date Tota 1 P 
Precipitation mo/day/yr Concent rat ion 
Dingle Marsh Snow 2/10/82 
(mg/l) 
0.034 
Dingle Marsh Snow 3/02/82 0.027 
Dingle Marsh Snow 4/06/82 0.010 
Logan, Utah Snow 5/28/82 0.026 
Logan, Utah Snow 3/04/82 0.033 
Logan, Utah Rain 6/01/82 0.032 
Logan, Utah Rain 6/30/82 0.031 
x-0.028 
Using sampling years one and two precipitation data presented 
in Table 10, the estimation of total phosphorus loading from the 
atmosphere is as follows: 
Laketown Lifton 
precipitation + precipitation 
tota 1 tota I f Average to ta 1 
----------"-':.....:..:;'---- x sur ace area x p ho s P ho ru s 
of Bear Lake 
Sampling Year One: 
conversion 
x factor 
concentration 
= total phosphorus 
atmospheric loading 
(13.58 + l4.9~) inches/year x 282.2 km 2 x 0.028 mg/1 
x 0.0254 = 2,860 kg P/yr 
Sampling Year Two: 
(13.59 + l3.0~) inches/year x 282.2 km 2 x 0.028 mg/1 
x 0.0254 = 2,680 kg P/yr 
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Based on these estimates, total phosphorus loading from precipita-
tion contributed substantially to Bear Lake's total phosphorus budget. 
Bear Lake's large surface area (282.2 km 2) influences the magnitude of 
atmospheric nutrient contributions. 
Using a map (Figure 34) from Uttormark et a1. [1974J which 
presents nitrogen loading isograms for the United States, a value of 
0.5 kg/ha/yr is recommended for the Bear Lake area. Multiplying this 
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1.5 kg/ha/yr 
Figure 34. Nitrogen (N0 3 -N and NHq-N) contributions from rainfall in 
the western United States. [Uttormark et al., 1974J. 
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value by Bear Lake's surface area produces an estimate of 14,100 kg/yr 
for atmospheric nitrogen loading. 
Entering the N03-N + N02-N concentration reported in snow samples 
by Kollock and Gutierrez [1980J of 0.16 mg/l into the equations 
presented above produces a nitrogen loading of 16,340 kg/yr and 15,300 
kg/yr for sampling years one and two, respectively. These figures are 
well within range of the 14,100 kg/yr obtained using the estimate from 
Figure 34 LUttormark et al., 1974J. Using the average N03-N concentra-
tion of 7.4 mg/l reported by Schmidt [1971J in the equations above 
produces a loading of 755,600 kg/yr and 707,600 kg/yr for sampling 
years one and two. These values do not coincide well with previous 
estimates. Schmidt [1971J did mention that his sampling technique was 
prone to contamination and this might explain in part why his N03-N 
concentration values in Table 13 varied so. 
In summary, the contributions from atmospheric sources in terms 
of total phosphorus and nitrogen are estimated using what are considered 
the best values available. Considering that atmospheric sources are 
not manageable, the total phosphorus loading from these sources to Bear 
Lake is estimated to be 2,800 kg/yr. Total nitrogen loading is esti-
mated to be 16,000 kg/yr. 
Septic Tank Seepage Loading 
Limited data exist for making an improvement on EPA's 1977 
estimate for septic tank nutrient contribution to Bear Lake. Figure 
35 displays the number, type and approximate location of wastewater 
treatment facilities along the lakeshore of Bear Lake, but this 
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Table 15. Residential activity along Bear Lake's lakeshore as surveyed 
in 1975 [BLRC, 1977J. 
Location 
Bear Lake County, Idaho 
Rich County, Utah 
Total 
Full-time Residence: 
residence • 
. Part-time Residence: 
total of three months 
w.i th recreation. 
Full-time 
Residence 
140 
228 
368 
Part-time 
Residence 
231 
623 
854 
Defined as year round primary place of 
Defined as housing used less than a 
out of the year and mainly associated 
information was compiled in 1976 [BLRC, 1977J. Detailed information on 
full and part time residents is presented in Table 15, but this informa-
tion was collected in 1975 [BLRC, 1977J. Additional housing development 
has occurred within the basin since this time. A water quality manage-
ment plan for the Bear Lake subbasin prepared by the Bear Lake Regional 
Commission (BLRC) et al. [1978, p. 13J states that "the vast majority of 
domestic effluent is deposited in sealed vaults, pumped, and transported 
to a dumping site, or is disposed of through septic tanks and drain-
fields." Further, the study points out that the Sweetwater development 
lagoons are the only site within the subbasin where waste from sealed 
vault systems can be safely disposed. A Bear Lake subbasin profile 
report [Bear River Association of Governments (BRAG), 1980J states 
that there are about 2500 individual systems on the west side of the 
lake between the Idaho-Utah state line and Sweetwater resort alone. 
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An updated estimate of lakeshore dwellings was obtained in a 
personal communication with the Bear Lake Regional Commission (BLRC) 
[BLRC, 1983J. Using the updated figure of 925 lakeshore dwellings 
. 
and the previously described EPA procedure for estimating the nutrient 
loading from septic tanks, the loading to Bear Lake is estimated to 
be 262 kilograms of total phosphorus and 9,858 kilograms of total 
nitrogen per year. While these estimates could be improved with 
additional information acquired through a ·lakeshore owner's survey, 
the magnitude of this nutrient source, about 2 percent of the total 
phosphorus and 4 to 12 percent of the total nitrogen loading to the 
lake (Tables 16 and 17), does not warrant this effort. 
An effort to alleviate the septic tank nutrient loading along the 
lakeshore of Bear Lake has led to the proposed West Shore Sewerage 
System. Additional information on this system can be obtained by 
referring to the Environmental Assessment and Facilities Plan, Bear 
Lake Regional Sewer West Shore System [BLRC, 1977J. The system, which 
would transport sewage to total containment lagoons, is designed to 
eliminate nutrient loading associated with domestic waste disposal to 
Bear Lake. 
CONCLUSIONS FROM WATE~SHED LAND USE 
AND CONSTITUENT LOADING ANALYSIS 
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Plans of action concerning the control of nonpoint sources should 
be made on the basis of the relative contribution of the respective 
sources and on what sources are technically and logically controllable 
[Loehr, 1974J. Tables 16 and 17 present an overview of the contribution 
of total phosphorus and nitrogen from sources impacting upon Bear Lake. 
The data indicate . that Big Creek, Swan Creek, and the inflow of Bear 
River drainage water through the Lifton Pumping Station and the causeway 
are the important contributors of constituent loading to Bear Lake. 
Analysis of the periodicity of constituent loading from these 
contributors indicates that major constituent loading episodes are 
associated with the spring runoff period (early April through June) and 
the occurrence of early snowmelt. Constituent loading during spring 
runoff often displayed a IIfirst flush" character in that loading peaked 
and then decreased as the runoff period progressed. 
Land use in the Round Valley watershed, through which Big Creek 
flows, is divided between native grazing land (50 percent), multiple 
use (27 percent), and irrigated pasture and hayland (21 percent). 
Cattle grazing and sheep confinement areas adjacent to Big Creek and in 
low-lying areas of Round Valley represent potential hydrologically 
act ive sites. 
Land use in the Swan Creek watershed plays a minor role in the 
water quality of Swan Creek. Supplied mainly by Swan Creek Spring, the 
rnile long creek is impacted mainly by activities along its streambanks 
rather than the surrounding watershed. 
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Table 16. Total phosphorus loading inventory to Bear Lake, Utah-Idaho. 
Sampling % Sampl ing % 
Source Year 1 of Year 2 of 
(kg/yr) Total (kg/yr) Total 
Bear River 
Lifton Station 4,970 47.8 9,810 42.3 
Causeway 0 0 5,730 24.7 
Lake Tributaries 
Swan Creek 710 6.8 1,860 8.0 
Big Creek 840 8.1 1,250 5.4 
Fish Haven Creek 30 0.3 570 2.5 
Little Creek 310 3.0 600 2.6 
Falula Spring 190 1.8 190 0.8 
North Eden Creek 100· 1.0 120 0.5 
SWS 88 0.9 81 0.3 
South Eden Creek 29 0.3 40 0.2 
Precipitation 2,860 27.5 2,680 11.6 
Septic Tank Seepage 262 2.5 262 1.1 
TOTAL 10,389 23,193 
Management plans directed toward the nutrient loading associated 
with the inflow of Bear River water ~ia Lifton Station and the causeway 
will require the assessment of land management practices in the Bear 
River drainage above Bear Lake, Dingle Marsh nutrient dynamics and their 
potential enhancement to reduce nutrient loading, and the cooperative 
effort of state and federal agencies. 
The EPA Clean Lakes Program Phase 1 Diagnostic Feasibility Study 
of Bear Lake [Lamarra et al., 1983J discusses management alternatives 
with respect to the nutrient loading associated with the Bear River. 
Herron's [1983J study of Dingle Marsh nutrient dynamics further describes 
management alternatives to enhance the marsh uptake of nutrients and 
limit the loading to Bear Lake. 
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Table 17. Total nitrogen loading inventory to Bear Lake, Utah-Idaho. 
Samp 1 ing % Samp 1 ing % 
Source Year 1 of Year 2 of 
(kg/yr) Total (kg/yr) Total 
Bear River 
Lifton Station 30,150 36.5 75,670 33.2 
Causeway 0 0 77 ,690 34.0 
Lake Tributaries 
Swan Creek 10,120 12.3 18,780 8.2 
Big Creek 13,100 15.9 17,310 7.6 
Fish Haven Creek 290 0.4 3,050 1.3 
L itt 1 e Creek 2,570 3.1 8,750 3.8 
Falula Spring 950 1.2 1,060 0.5 
North Eden Creek 600 0.7 740 0.3 
SWS 850 1.0 850 0.4 
South Eden Creek 120 0.1 360 0.2 
Preci pitat ion 14,100 17.1 14,100 6.2 
Septic Tank Seepage 9,858 11.9 9,858 4.3 
TOTAL 82,608 228,218 
The data presenting watershed land use percentages and tributary 
constituent loading provides (1) a means of comparing the relative con-
tribution of constituent loading from lake tributaries, (2) a baseline 
with which to evaluate future trends in watershed land use, (3) a 
basis for prescribing watershed management alternatives, and (4) a 
baseline with which to evaluate the effectiveness of management 
techniques in terms of reducing tributary constituent loading. 
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LAKE RESTORATION 
Limnology involves the study of the functional relationships and 
productivity of freshwater biotic communities as they are affected by 
the dynamics of physical, chemical, and biotic environmental parameters 
[Wetzel, 1975J. The following section presents the important aspects of 
limnology which involve lake restoration. Several publications have 
been written to acquaint the public with how lakes function and the 
eutrophication process [Fulton and Say, 1971; Born and Yanggen, 1972; 
EPA, 1980J. A more indepth presentation of limnology can be obtained in 
texts by Hutchinson [1957J and Wetzel [1975J. Boyter and Wanielista 
[1973J present relevant information on the restoration of lakes. 
Although the literature on lake restoration is extensive, few 
works offer a basic definition of lake restoration. In their text on 
water quality management, Krenkel and Novotny [1980, p. 539J define lake 
restoration "as the manipulation of a lake ecosystem to effect an in 
lake improvement in degraded or undesirable conditions." Note that the 
terms restoration, renovation, renewal, and rehabilitation are often 
used synonymously. The definition is well suited for several reasons. 
First, it does not contain the word eutrophication. All too often, 
lake restoration is equated with eutrophic lakes, massive algal blooms 
and in-lake treatments using weed harvesters and alum. Lake restoration 
is not limited to these elements. It is applicable to oligotrophic, 
mesotrophic, and eutrophic lakes. The key to the definition provided 
above is the lack of definition in the phrase " ... in lake improvement." 
While restoration projects must be based upon scientific knowledge of 
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the specific lake ecosystem and techniques have been developed to bring 
about improved conditions, the most important aspect of lake restora-
tion is the desired result. The desired result in eutrophic lakes is 
usually the prevention of algal blooms and the removal of weeds in 
order to improve the lake's recreation and esthetic appeal. The 
problems are visible and they impact upon a variety of lake users. 
These conditions help promote change. 
What is the desired result in terms of oligotrophic lake manage-
ment? Bear Lake is an appropriate example in this regard. Studies 
have warned of increased nutrient loading and the undesirable affects, 
but at what trophic condition should Bear Lake be maintained? Even 
more important, whose responsibility is it to address this issue? This 
question has not been adequately addressed and will need to be resolved 
prior to the consideration of lake management plans. 
Lake Restoration Approaches 
There are basically two approaches to lake restoration: (1) 
watershed management and (2) in-lake treatment. Lake nutrient supplies 
are derived from the surrounding watershed and also from internal 
sources (e.g. lake sediments). The concept of watershed management 
is directed at controlling pollutants at their sources and is favored 
as a means to achieve long term water quality improvement [EPA, 1980J. 
Watershed management consists of the application of BMPs (Best Manage-
ment Practices). The term 'best management practices ' was introduced 
with the EPA guidelines for the continuing planning pursuant to Section 
208 of the 1972 Federal Water Pollution Control Act Amendments. BMPs 
were defined as: 
... a practice or combination of practices that is 
determined by a State (or designated areawide planning 
agency) after problem assessment, examination of alter-
native practices and appropriate public participation 
to be the most effective, practicable (including tech-
nological, economic, and institutional considerations) 
means of preventing or reducing the amount of pollution 
generated by nonpoint sources to a level compatible with 
water quality goals. [Federal Register, 1975, p. 55338J 
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The BMP concept is based on the application of control measures 
at multiple locations throughout the watershed, or that portion of it 
which contributes the loads most significant to water quality [EPA, 
1980J. Due to the variability in sources, climate, topography and 
soils, the criteria for BMP selection must be designed to the specific 
site and water quality problems [Johnson, 1979J. 
A general rule that applies to both point and nonpoint sources 
is that the difficulty and cost of pollutant control is inversely 
related to the extent of pollution dilution by runoff [Novotny and 
Chesters, 1981J. Concentrated pollutant loads require less expenditure 
per unit of pollutant removed than less concentrated pollutant loads. 
Control costs increase with the distance the runoff travels from the 
source to the point of control. BMPs are to be implemented as close to 
the source(s) as is feasible. 
Control measures can be grouped into structural and nonstructura1 
techniques [Novotny and Chesters, 1981J. Structural techniques include 
sedimentation basins, seepage beds, gabions, etc. while non structural 
techniques involve improved land management, seeding and sodding, etc. 
Source Control Measures 
Management practices designed to decrease the release of pollutants 
at the source and/or prevent their release from the source area are 
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preferred [Novotny and Chesters, 1981J. Source control can be achieved 
by: 
1. Zoning ordinances which control, limit, and/or prohibit 
certain land-use activities. 
2. Erosion control practices that prevent soil loss. 
3. Enhancement of infiltration and surface water storage to 
reduce the quantity of runoff and erosion. 
Examples: 
zoning 
vegetative cover 
buffer zones 
mulching 
zero-tillage 
winter crops 
porous-pavement utilization 
Collection Control and Reduction of Delivery 
These methods are designed to remove pollutants from runoff once 
they have left the source area. The pollutants are diluted by runoff 
and become more difficult to control. Control techniques are grouped 
into three major categories [Novotny and Chesters, 1981J: 
1. Removal of pollutants by sedimentation (e.g. riprap, gabions, 
and sediment traps). 
2. Removal of pollutants from receiving water by increased 
infiltration. 
3. Removal of pollutants from the receiving water system (e.g. 
dredging). 
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In-lake restoration techniques are considered a means to amend the 
systems of lake degradation without acting on the actual sources. The 
Clean Lakes Program would fund such techniques given the following two 
situations [EPA, 1980J: 
1. When sufficient pollutant reduction is being accomplished in 
the watershed to allow desired lake quality to be maintained, but 
recovery from degraded condition will be slow or will not occur simply 
as a result of watershed management. 
2. When material accumulating in the lake constitutes a signifi-
cant source of pollutants which is independent of controllable activities 
in the watershed. 
Thus, in-lake techniques may be used in conjunction with watershed 
management recognizing that the overall lake program should result in 
a long-term, cost-effective improvement. 
A complete discussion of in-lake techniques is unwarranted in 
this work. Additional information on these techniques can be obtained 
from the Clean Lakes Program Guidance Manual [EPA, 1980J and references 
cited therein. 
Buffer Strip Management 
A buffer zone utilized as a management practice can basically b~ 
defined as an area situated between two areas which are in possible 
conflict. The objective of the buffer zone with respect to land manage-
ment is to decrease the transport of runoff, sediment, and nutrients 
from the land surface to the receiving stream. The buffer area may 
consist of a permanent vegetative cover, either natural or cultivated. 
Buffer zones function through the adsorption of nutrients, decreasing 
surface runoff velocity and volume, and increasing surface detention 
capacity [Thompson et al., 1979J. 
119 
An extensive examination of the land-water interface is presented 
by Karr and Schlosser [1978J. They hypothesize that (1) maintenance 
of a more natural nearstream vegetation and channel morphology in 
agricultural watersheds can lead to significant improvements in water 
quality and stream biota, and (2) the best management .option for 
long-term benefit to society is an integrated effort involving sound 
management of the land surface and stream channels. 
The main source . of heat for small forest streams is solar energy 
striking the stream surface directly [Brown, 1980J. Riparian vegetation 
acts to reduce the rate at which incident radiation reaches these streams 
which in turn influences stream temperature. Temperature increases also 
increase the rate at which nutrients attached to suspended solids are 
converted to soluble forms [Karr and Schlosser, 1978J. Streamside 
vegetation therefore not only reduces sediment and nutrient transport 
from the terrestrial to aquatic environment, it also serves to control 
stream temperature, for enhancement of the oxygen-carrying capacity, 
and for reducing nutrient availability and utilization. 
Howells [1971J suggested that the preservation of a buffer strip 
alongside streams was a simple and effective procedure for reducing 
pollution from land runoff. He stated that a well-vegetated strip 
would effectively reduce phosphorus and suspended solids loading while 
also providing stabilization to stream banks. In newly developing 
areas, impacts on hydrology can be minimized by emphasizing maintenance 
of natural drainage systems during the design phase [Watson et a1., 
1979J. 
Omernik et a1. [1981J addresses the functional usefulness of 
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buffer strips. Most subscribe to the idea that erosion control will 
reduce nutrient levels in receiving waters. Vegetative buffer strips 
are likely to intercept suspended sediment in runoff, and the vegetation 
in the buffer may take up the additional nutrients in these sediments 
and subsequently lose more nutrients through leaching. Thus a mechanism 
whereby streams protected by buffer strips would probably contain less 
sediment but might not have appreciably lower nutrient levels over the 
long term. 
Using carefully selected NES watersheds, Omernik et a1. [1981J 
tested the importance of proximity of general land use types to main 
streams ·in affecting mean annual stream nutrient concentrations. The 
results indicated that the proximity of forest and agriculture to main 
streams does not bear a significant relationship to stream nutrient 
concentrations beyond that attributable to the proportion of the 
total watershed that these land uses comprise. While streams with 
forest buffers are likely to have lower sediment levels, lower maximum 
stream temperatures, and lower peak flows because of the buffering 
effect of the near-stream vegetation, but substantially lower stream 
nutrient levels might only b~ observed over a short period of time. 
Impact of Grazing Livestock 
Grazing cattle can damage fields by trampling the sod, reducing 
the ground cover, and destroying the soil structure, which reduces 
infiltration and increases surface runoff [Van Keuren et al., 1979J. 
Trampling results in sparse grass cover and lower evapotranspiration 
values. A comprehensive study of hydrology and chemical quality of 
flow from small pastured watersheds concluded that the condition of 
the watershed surface is a key management consideration in pasture 
systems [Van Keuren et al., 1979; Chichester et al., 1979J. 
Pasturing livestock deposit manure directly on the land. 
Although a relatively large land area may be available, livestock 
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tend to concentrate around feeding, watering, and resting areas. The 
result is a concentration of wastes at these sites creating a potential 
water pollution hazard [EPA, 1973J. 
Winter spreading of manure is a commonly used method of manure 
handling. Environmental concern over this practice is directed toward 
the application of manure onto frozen ground. Runoff from winter and 
early spring precipitation would readily transport nutrients and 
pollutants over the frozen ground to receiving streams. 
Converse et al. [1976J conducted runoff analysis for a three 
year period from ten alfalfa plots receiving various manure treatments. 
No significant differences were observed in the nutrient losses from 
the plots. Young and Holt [1977J concluded that the affect of winter 
spreading of manure on frozen ground would have on soil, nutrient 
and water losses depends on the conditions under which the manure is 
applied. The magnitude of the nutrient loading associated with the 
winter spreading of manure depends upon the extent of the practice 
and the contribution from other sources. 
winter spreading of manure was not monitored within the Bear 
Lake Basin. Confinement areas for sheep and cattle grazing adjacent 
to Big Creek within the Round Valley watershed, however, poses a 
potential pollutant hazard. 
Grazing Management 
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EPA's publication on methods and practices for controlling water 
pollution from agricultural nonpoint sources elaborates on pasture 
operations [EPA, 1973J. Grazing management recommendations include 
water supply dispersal to provide better distribution of livestock 
use, reduced overuse and overgrazing in the vicinity of water supplies, 
and reduced erosion hazard. The report states that good management 
is the best policy to reduce water pollution from pasture or range 
systems. The following EPA guidelines are applicable to the Round 
Valley watershed [EPA, 1973J: 
1. Locate feed and watering unit a reasonable distance from 
streams and water courses. Move them to new locations often enough 
to avoid creating erodible paths through repeated trampling by 
livestock. 
2. Provide an adequate land adsorption area downslope from 
feeding and watering sites, preferably with a filter strip of lush 
forage growth between such sites and the streams. ' 
3. Provide limited access to streams and ponds. Use fencing 
to keep livestock from entering critical stream reaches. 
4. Provide fences to prevent animals from wading in streams 
at points where they may concentrate for drinking. 
5. Pump water from a stream, farm pond, or well to watering 
troughs or tanks where the number of animals or the characteristics 
of land present critical pollution problems. 
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6. Provide summer shade, using trees and/or artificial shelters 
to lessen the need for animals to enter the water for relief from the 
heat. The same precautions used in locating feed and water units 
should be followed in locating shelters. 
An evaluation of livestock runoff conducted by .Wieneke et al. 
[1980J included the comparison of stream impact from a cattle access 
and nonaccess area. The nonaccess area included a 61 m (200 ft) 
green belt between the cattle and the receiving stream. Wieneke et al. 
[1980J concluded that the nonaccess scheme with the green belt greatly 
reduced pollutant loading to the receiving stream. 
Control Strategy 
In order to decide upon nonpoint source control strategies, the 
following points are considered especially relevant [Sonzogni et al., 
1980J: 
1. The majority of sediment and phosphorus entering lake tribu-
taries originates from a relatively small portion of Jand surface 
within the watershed. These hydrologically active areas where rainfall 
and snowmelt runoff carry the majority of the unit area load should be 
identified. 
2. The major occurrence of surface runoff and eroded sediment 
contributing to streams is in the four month period from February to 
May. Actions should be directed toward minimizing erosion and surface 
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runoff during late winter and the early spring runoff. Once the most 
important individual watersheds in terms of nutrient loading have been 
identified, they need to be closely examined to define specific source 
or hydrological areas. Control measures will be cost-effective if they 
are applied to these site-specific areas as opposed to entire watersheds. 
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PROPOSED WATERSHED MANAGEMENT 
Big Creek and Swan Creek have been identified as major constituent 
contributors to Bear Lake. While the data indicate that the other 
lake tributaries contribute relatively minor constituent loads, basin 
management planning should provide for the maintenance and periodic 
monitoring of these tributaries so as to insure they do not become 
problem areas. The following narrative discusses the proposed manage-
ment alternatives for Big Creek and Swan Creek listed in Tables 18 and 
19. 
Round Valley Watershed: Big Creek (refer to Figure 36) 
Livestock exclusion: fencing 
Purpose: To protect, maintain, or improve the quantity and 
quality of the plant and animal resources; to maintain 
enough cover to protect the soil; to maintain moisture 
resources; and to increase natural beauty [SCS, 1978J 
( 
This action would act to prevent stream bank damage and livestock 
access to the stream channel. The expected water quality improvement 
would be a decrease in suspended solids and nutrient loading. 
Streambank protection 
Purpose: To stabilize or protect stream banks for one or more of 
the following purposes: 
1. To prevent the loss of land or damage to utilities, 
roads, buildings, or other facilities adjacent to the 
channel, 
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Table 18. Watershed management alternatives: Round Valley watershed, 
Big Creek. 
Alternative 
Livestock 
Exclusion: 
Fencing 
Streambank 
Protection 
(riprap, 
vegetation) 
Watering Pond 
and/or Trough 
or Tank 
Sedimentat ion 
Basin(s) 
Channel 
Vegetat ion 
Expected Water 
Quality Improvement 
Decrease 55 and 
associ ated nutri ent 
loadi ng associ ated 
with livestock im-
pact on stream 
Keep livestock from 
main stream channel 
and still provide 
water for their 
needs 
Remove particulate 
Nand P by de-
creasing unit 
stream power (USP) 
Contro 1 sediment 
and nutrient trans-
port 
Technical 
Feasibil ity 
Accepted 
Soil Conser-
vation Service 
conservation 
pr act ices 
[Soi 1 Con-
servation 
Service, 1978J 
Env ironment a 1 
Impact 
.L imits access 
.Requires· al-
ternat ive 
animal water-
ing 
· Chan n elmo d i -
ficat ion 
.Improved fish 
hab it at 
.Requires 
change in 
land use 
.Channel modi-
fication 
.A lter fish 
habitat 
· Improved 
habitat 
Table 19. Watershed management alternatives: Swan Creek watershed, 
Swan Creek. 
Alternative 
Ma i nt a in th e 
ex i st i ng 
streams ide 
vegetation 
Stream 
stabil ization 
riprap 
pilings 
vegetation 
Expected Water 
Quality Improvement 
Acts to reduce 
nutrient and sedi-
ment transport to 
the stream 
Prevent eros ion 
and associ ated 
nutrient loss 
especially during 
high flow episodes 
Technical 
Feasibility 
Accepted 
Soil Conser-
vat i on Serv i ce 
conservation 
pract ices 
[Soi 1 Con-
servation 
Service, 1978J 
Env ironment a 1 
Impact 
· L imi ts future 
development 
.Requ ires 
altering con-
struction 
practices 
· Improved 
habitat 
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2. To maintain the capacity of the channel, 
3. To control channel meander that would adversely 
affect downstream facilities, or 4. To reduce 
sediment loads causing downstream damages and pollu-
tion or to improve the stream for recreation or as 
habitat for fish and wildlife [SCS, 1978J 
This action is needed to improve streambank sections damaged by 
livestock and channel meander. The expected water quality improvement 
would be an additional decrease in suspended solids and nutrient 
loading. This alternative would provide its greatest benefit if 
implemented after the livestock exclusion alternative. 
Watering Pond, Trough, and/or Tank 
This alternative would be implenteted with livestock exclusion 
in order to provide a water supply for livestock which is detached from 
Big Creek. 
Sedimentation Basin(s) 
Purpose: To preserve the capacity of reservoirs, ditches, canals, 
diversions, waterways, and streams; to prevent undesirable deposition 
on bottom lands and developed areas; to trap sediment originating from 
construction sites; and to reduce or abate pollution by providing 
basins for deposition and storage of silt, sand, gravel, stone, agricul-
tural wastes, and other detritus [SCS, 1978J. 
Sedimentation basin(s) would serve to reduce particulate nitrogen 
and phosphorus loading by decreasing the unit stream power (USP) of 
Big Creek. 
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Channel Vegetation 
Purpose: To stabilize channel banks and adjacent areas and reduce 
erosion and sedimentation. To maintain or enhance the quality of the 
environment, including visual aspects and fish and wildlife habitat . 
This action would be an additional option to streambank protec-
tion. If streambank protection is undertaken, channel vegetation could 
further stabilize the effort. 
Swan Creek Watershed: Swan Creek 
Maintain Existing Streambank Vegetation 
The existing streambank vegetation on Swan Creek acts to filter 
and reduce both suspended solids and nutrient loading to the stream. 
This buffer should be maintained and enhanced if necessary for con-
tinued water quality improvement benefits. 
Streambank Protection 
Refer to purpose of this heading in the Big Creek section. 
Although Swan Creek is not impacted upon by livestock, streambank 
protection measures are necessary because of the impacts resulting 
from high discharge episodes (e.g. spring runoff) and construction 
activities. 
CONCLUSIONS FROM WATERSHED 
MANAGEMENT ALTERNATIVES 
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Methods of watershed management have been prescribed for the Round 
Valley and Swan Creek watersheds. The Soil Conservation Service 
management practices prescribed are directed toward hydrologically 
active sites within the watersheds. Reduction of suspended solids and 
nutrient loading achieved by the implementation of these measures will 
be worthwhile only if they are a part of a comprehensive management 
plan. The data have indicated that the inflow of Bear River water into 
Bear Lake via Lifton Station and the causeway comprise 50 to 60 percent 
of the nutrient loading. The basin management plan must address this 
source in order to produce a long-term improvement in lake water 
quality. 
The mechanism by which these and other measures are to be imple-
mented resides with the Bear Lake Regional Commission and lake users. 
Klessig and Yanggen [1975J provide organizational suggestions for lake 
management plans. 
A major problem encountered in proposing lake restoration 
techniques is the lack of a predictive mechanism that will relate 
lake improvement with the implementation of restoration techniques. 
Attempts to predict the rate of improvement when nutrient loading is 
reduced to a lake are difficult to make. Boyter and Wanielista [1973J 
acknowledge that noticeable recovery will occur faster in lakes with 
short hydraulic residence times. Sonzogni et al. [1976J, using a 
model based upon likening a lake to a completely mixed reactor, 
predict lake response to phosphorus abatement by estimating the 
phosphorus residence time. 
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Krenkel and Novotny [1980J further discuss the lake improvement 
response once nutrient loading has been reduced. Noting that a lake's 
hydraulic detention time is not equivalent to the retention time of 
nutrients in the lake, their 'rul e of thumb ' states that when an input 
is instantaneously stopped, three retention times are required to 
achieve 95 percent reduction in lake nutrient concentration. This idea 
assumes that the lake is completely mixed. 
Bear Lake's long hydraulic retention time, estimated to be 36 
years, will result in a slow lake response to management techniques 
directed toward reducing the nutrient loading. 
Continued tributary monitoring in order to assess watershed 
management effectiveness is vital. Lake modeling could be used to 
evaluate expected improvement in trophic condition, using watershed 
monitoring data [Walker, 1983J although actual lake response may not 
become evident for several years. Lake tributaries not addressed in 
terms of watershed management in this work should be monitored periodi-
cally as part of a maintenance program to detect basin problem areas. 
The knowledge, the methods, and the mechanism for Bear Lake 
management exist. A cooperative effort on the part of state agencies 
from Utah, Idaho and Wyoming, federal agencies, land owners within the 
Bear Lake Basin, and the public will be needed in order to implement 
a basin management plan that will result in long term water quality 
improvement. 
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Appendix A 
Raw Data from Tributary Sampling Operation 
Table 20. Water quality data for Swan Creek. Swan Creek watershed. Utah. (April 24. 1981 to June 22. 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N 
NO . NO. TEMP ALK BIDITY PENDED PHOS PHOS 
AS SOLIDS P04-P 
CAC03 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UG/L HQ/L UG/L 
810424 1172 410 164.0 9 . 0 8 . 4 17:1 1.4 8. 4 20 26 24 0 . 221 2 
810:108 141:1 410 29. 6 10. 0 9 . 0 8 . :1 1:1:1 2 . 6 3 . 4 17 la 27 O. 169 1 
810:126 1604 410 116. 9 8 . 0 9.3 a.:I 14:1 1.6 1.3 16 24 36 O. 179 1 
810609 17:1:1 410 12. 3 9 . 0 8 . 6 1:12 1.2 6.2 14 27 :17 O. 179 1 
810623 1957 410 8 . a 12. 0 a . 9 8.:1 187 O. 6 1.6 17 25 40 O. 199 1 
810707 234:1 410 19. 3 12. 0 6 . 9 a . 7 185 O. 6 :1.2 19 26 46 O. 139 1 
810721 2559 410 14.3 13. 5 8. :I 8.6 196 O. 7 2. 8 1:1 28 28 O. 778 2 
810804 2827 410 1:1. 8 12. :; 8 . 9 8 . 6 195 O. 6 4 . 8 15 16 38 O. 169 1 
810818 3206 410 4.6 11 . 0 9 . 4 8 . 4 190 O. 4 1.6 7 7 27 O. 159 1 
810901 3534 410 11 . 4 11. 0 a . 9 8.5 183 O. 4 2 . 0 13 22 14 O. 169 1 
811006 4039 410 22. 0 9 . 0 9 . 7 8.6 188 O. 4 10 12 150. 20a 2 
811103 4441 410 68. 7 7 . 5 9 . a 8.5 178 O. 4 O. 0 14 14 17 O. 192 8 
811201 4789 410 49.8 6.0 9 . 6 8 . 4 181 O. 6 O. 0 16 19 11 0 . 200 1 
820119 246 410 35. 0 5 . 0 9.3 8 . 5 181 O. 6 1.2 14 14 25 0 . 222 2 
820209 569 410 37. 4 5 . 0 8. 4 8 . 4 197 O. 7 0 . 0 12 17 13 0 . 211 1 
a20218 73:1 . 410 46. a 7 . 0 9. 0 a . 5 173 O. 7 1.6 24 29 10 O. la9 1 
820302 814 410 3:1 . 6 6 . 0 9 . 4 8.6 184 O. 6 4 . 4 16 34 21 0.229 
820406 1230 410 46 . 3 :I . 0 9 . 4 8.:; 184 o . 8 2 . 6 9 29 11 0 . 209 
820420 1374 410 :18 . 3 7 . :1 9 . 8 8 . 3 192 1. 1 4 . a 11 26 1:1 0.299 
820:104 1:132 410 241. 0 7 . 0 9 . 9 8 . :1 172 8 . 7 36. 0 11 :16 24 0 . 279 
820:l1a 1708 410 241. 0 6 . :I 9.6 8 . 3 164 3 . 8 9 . 4 12 70 8 0 . 399 
820608 1917 410 241. 0 5 . :1 10. 2 8 . 1 146 2 . :I 4 . 8 18 10 0 . 209 
820622 2221 410 241 . 0 7 . :1 10. 0 a . 7 129 2 . 3 3 . 7 2 13 O. 149 
Tributary to Bear Lake. 
TKN TOC TOTAL FECAL 
PERSUL- COLI- CQL[-
FATE FORMS FORMS 
METHOD 
I1G/L MG/L .1100 ./100 
I1L i'lL 
0 . 48 O. 9 84 < 1 
0 . 0:1 1. 2 E 30 < 1 
0.11 12.6 E 10 
0.00 0. 9 < 1 
0 . 00 0. :1 E 27 E 4 
0 . 04 O. 6 270 E 18 
0.00 O. 5 54 E 6 
0 . 06 0. 5 E 56 E 28 
0.08 O. 5 88 E 32 
0.00 0 . 5 E 40 E 12 
0 . 00 1. 1 E 4 < 1 
O. 18 2. 3 E 10 < 1 
O. 00 0.5 E 3 < 1 
0.10 0.5 E 1 < 1 
0 . 00 0. 6 E 3 < 1 
0.08 O. :I 
O. 00 0.:1 E 7 < 
0 . 00 0. :1 E 2 < 1 
0.00 1. 3 E 8 < 1 
O. 12 2. 4 < 1 E 100 
1. 6 E 20 E 10 
0.11 1. 4 E 80 < 1 
O. 1:1 1. 4 E 10 .( 
FECAL 
STREP-
TOCOC-
CI 
.1100 
I1L 
E 27 
E 4 
E 3 
370 
124 
42 
E 24 
E 36 
E 12 
E 8 
E 4 
E 2 
< 1 
64 
42 
88 
E 200 
E 200 
340 
E 80 
.p. 
w 
Table 21. Water quality data for an irrigation return flow ditch (SWS) , Pickleville watershed, Utah. 
SWS flows into Bear Lake. (April 24, 1981 to June 22. 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALK BIDITV PENDED PHOS PHOS PERSUL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
VR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MG/L MG/L */100 */100 */100 
ML ML ML 
BI0424 11:)3 401 0.4 10. B B. O 231 1 . B 4 . 6 3:) 67 49 O. OlB. 2 0.4:) 9. 2 690 < 1 360 
BI0:)OB 1396 401 O. 6 6 . 0 9 . 2 B. 1 190 2 . 3 3 . 2 36 72 200.00B 2 0 . 60 10. 7 E 190 E 30 200 
BI0:)26 l:)B:) 401 4.B 13.0 :). :) B. 4 27:) 4 . :) 7.2 26 Bl 370. 03B 2 0 . 79 13.3 E 900 
BI0609 1739 401 1.B 1:) . 0 :). B B. :) 26B 2 . 9 2 . 2 24 Bl :)1 0.067 3 1 . 10 16. 0 E 20 B6 960 
BI0623 1946 401 3 . 9 17 . ~ 3 . 4 B. 1 24B • 2 . 4 ~ . 2 36 70 2B 0.029 1 O. 73 9 . 9 BO 70 370 
BI0707 23:)2 401 2.6 IB . O 3.3 B. 6 232 1 . 3 ~ . 4 2B ~O 340.00B 2 0.66 B. B 144 98 380 
* 810721 
810804 
810B183217 401 2 . 0 13. 0 3 . 9 8 . 0 306 1.7 0 . 0 128 197 40 0 . 09:) ~ O. 19 31. 3 232 E 64 1380 
810901 3~40 401 0 . 6 9 . ~ :). 2 8 . 2 218 O. ~ ~ . 2 20 ~4 210. 00B 2 O. 49 3 . 6 20:) 116 
BI1006 4029 401 1 . 1 4 . ~ 7 . 9 8 . 4 293 1.4 1~ 24 18 0.037 3 0 . 62 10. 3 E 12 E 12 96 
811103 4426 401 O. 5 2.0 B. 4 8 . 4 397 1.5 2 . 0 2B 44 20 O. 197 3 0 . 74 10. 5 E 90 E 4 E 30 
B11201 4777 401 0 . 3 -1. 0 8 . 3 8 . 4 42B 2 . 0 2 . 9 9 76 13 0 . 064 6 0 . 32 6. 7 E IB E 6 E 5 
B20119 231 401 0 . 4 0 . 0 9 . B B. 2 :)61 2.1 1.2 130 149 BB 0 . 215 10 0 . 4B 7. 7 35 E 4 E 11 
** 820209 
8:20218 719 401 O. 9 -1 . 0 B. 4 7 . 9 189 3 . 3 5. 8 131 220 59 O. 286 14 1 . 13 14.2 
820302 799 401 2 . 3 0 . 0 8 . 0 8 . 5 363 6 . 0 7. 6 39 120 56 0 . 092 8 1. 46 19. 9 112 E 1 980 
820406 1215 401 0 . 6 1. 0 10. 7 8 . 5 418 3 . 8 9 . 4 68 94 22 0.256 4 0.58 6. 5 E 20 E 8 60 
820420 1357 401 0 . 2 0 . 0 10.8 8 . 2 499 10. 0 31. 2 166 44 0.632 18 1. 56 10. 4 E 26 E 2 230 
820504 1515 401 4 . 5 7 . 5 6.B 8 . 5 243 6 . 5 16. 8 26 70 23 0 . 019 3 O. B8 12. 0 4000 3700 EII00 
820518 1690 401 0 . 3 9 . 0 7 . 0 8 . 3 252 4 . 2 5 . 4 54 100 28 0 . 187 13 0 . 58 10. 4 E 800 670 E 100 
B20608 1899 401 2 . 1 8.0 6 . 8 7.9 197 4 . 9 3. 6 22 :)6 260. 048 2 0 . 97 12. 4 E 300 E 60 600 
B20622 2203 401 2 . 2 16. 0 4 . 7 8. 1 219 2. 6 7. 2 42 78 230.020 2 1. 06 12. 7 E 200 E 120 E1200 
* Not sampled due to no flow. 
** Site covered by snow. Flow not measurable. 
+:> 
+:> 
Table 22. Water quality data for Pickleville return flow ditch, Pickleville watershed, Utah. 
Ditch supplies water to Pickleville return flow pipe which then discharges into 
Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAS SITE FLOW WATER D. O. pH TOTAL TUR- SUS- OR THO TOTAL NH3-N N03-N N02-N TKN TO: TOTAL FECAL 
NO . NO. TEMP ALK S IDITY PENDED PHOS PHOS PERSUL- COLI- COLI-
AS SOLIDS P04-P FATE FORMS FORMS 
CAC03 METHOD 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UQ/L UG/L UGIL MG/L UG/L MG/L MG/L 41/100 */100 
ML ML 
* 810424 
810508 
810526 
810609 
810623 
810707 
810721 
810804 2818 441 12.0 6 . 2 8 . 5 286 2 . 2 9 . 6 15 70 79 0 . 586 14 0 . 20 4. 0 El000 840 
810818 3215 441 0 . 320 11 . 0 9.8 7.9 293 2 . 6 O. 0 15 31 38 1.232 8 0 . 00 2. 0 E 240 E 20 
810901 3543 441 0.230 7 . 5 7.0 7 . 9 292 3. 5 14. 0 5 48 300.843 7 O. 18 2. 4 E 320 E 160 
811006 4028 441 0 . 340 6 . 0 8 . 4 8 . 2 285 1.9 6 24 38 O. 730 10 0.08 1.8 164 E 28 
811103 4425 441 0 . 200 5.5 6 . 6 8.1 282 O. 7 O. 0 2 8 33 0 . 837 13 0 . 26 1. 9 360 E 2 
811201 4776 441 0 . 220 1.5 6 . 8 8.2 284 O. 6 2 . 6 9 13 420.882 18 0 . 14 1. 2 45 E 6 
820119 229 441 1 . 5 7 . 2 8 . 0 278 2. 4 11. 2 20 39 146 0.933 17 O. 19 2.8 72 E 2 
820209 550 441 -1.0 8 . 1 8 . 0 291 2 . 0 O. 0 31 57 469 1. 163 27 0 . 66 3. 1 E 24 E 5 
820218 718 441 0 . 130 1 . 5 6 . 8 7 . 7 285 2 . 5 8. 8 25 92 343 0.678 12 0.83 4. 9 
820302 798 441 0 . 270 2.5 7.2 8 . 5 376 3 . 1 4 . 4 3 34 112 0.624 16 0 . 32 3.3 E 64 E 2 
820406 1214 441 0 . 220 4 . 0 9 . 0 8 . 6 276 4 . 0 5. 4 4 38 400. 683 7 O. 30 2. 3 57 51 
820420 1355 441 O. 140 1.0 9 . 5 8.0 282 3 . 5 14. 8 5 28 290.799 11 0.64 2. 9 268 E 4 
** 820504 
820518 1689 441 O. 140 7.5 6 . 1 8 . 4 288 2 . 9 8 . 6 1 42 22 0 . 754 26 O. 12 3. 8 460 E 300 
820608 1898 441 0 . 260 6.5 6 . 8 7.8 280 1.5 2. 4 10 14 18 0 . 643 17 O. 29 3. 3 3100 E 150 
820622 2202 441 0 . 580 10. 5 5 . 5 8 . 0 296 2. 3 2 . 4 1 18 28 0 . 049 5 0.33 5. 2 340 E 160 
* Not sampled until August 4, 1981. 
** Not sampled. 
FECAL 
STREP-
TOCOC-
CI 
41/100 
ML 
E1780 
E 64 
108 
212 
E 14 
E 8 
E 8 
108 
236 
220 
E 140 
E 300 
E 400 
360 
.p 
Ul 
Table 23. Water quality data for Pickleville return flow pipe, Pickleville watershed, Utah. 
Discharges into Bear Lake. (Apri 1 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TO: TOTAL FECI>.L FECA'-
NO . NO. TEMP ALI'. BIDITY PENDED PHOS PHOS PER5UL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
VR/MO/DA CFS C MOIL MOIL NTU MOIL UG/L UO/L UG/L HG/L UG/L MG/L MOIL It/l00 11/100 It/l00 
ML ML ML 
------_._---------
------------- - - - -- - -----
* 
810424 
810508 
810526 
810609 
810623 
810707 
810721 
810804 2822 440 0 . 001 16. 0 6 . 7 8 . 4 302 3 . 0 6.0 9 42 223 0.173 7 0 . 36 4. 6 E 56 12 100 
810818 3216 440 O. 150 10. 0 8 . 8 8.0 291 3 . 6 3 . 8 10 64 61 0 . 871 9 0 . 21 3 . 4 E 300 94 168 
810901 3544 440 0.210 7.7 7 . 5 8 . 0 294 2. 8 11 . 2 7 40 55 0 . 852 8 0 . 20 160 E 24 80 
811006 4027 440 O. 120 5 . 5 8. 4 8.3 275 1.7 4 18 34 0 . 690 10 0 . 05 2 . 1 124 E 44 200 
811103 4424 440 O. 100 4 . 0 8 . 0 8 . 2 286 1 . 0 0 . 0 4 10 46 0.801 9 0 . 28 2.2 142 E 2 E 10 
811201 4775 440 O. 130 0 . 0 8 . 4 8 . 1 265 O. 6 3 . 8 8 14 390. 866 14 0 . 11 1. 5 54 E 6 E 2 
820119 228 440 0.070 -1. 0 8.3 8 . 0 276 0 . 7 0 . 0 19 26 146 0 . 904 19 0 . 25 2. 4 28 E E 10 
820209 549 440 0 . 440 -1 . 0 8 . 2 8 . 1 296 2.1 O. 0 33 55 478 1. 162 28 O. 69 2. 6 E 40 E 5 45 
820218 717 440 O. 180 1 . 5 8 . 0 7 . 6 286 1.3 3 . 2 24 65 340 O. 668 12 O. 75 4. 4 
820302 797 440 0 . 070 2 . 0 8 . 3 8 . 4 290 3 . 9 5 . 6 4 40 112 0 . 605 15 0 . 35 3 . 6 92 <: 1 296 
820406 1213 440 0 . 110 3 . 0 9 . 1 8 . 4 281 3. 9 6 . 6 :; 40 320. 653 7 0 . 29 3 . 6 120 41 220 
820420 1356 440 O. 120 O. 5 9 . 9 8 . 0 277 2.8 10. 8 1 22 32 O. 849 11 0.63 2. 8 E 260 <: 1 108 
820504 1514 440 0 . 220 7 . 0 7 . 3 8 . 4 285 2 . 4 6.8 8 46 34 O. 692 18 0 . 50 E 900 E 260 El000 
820518 1688 440 O. 190 7 . 0 7. 4 8 . 3 310 2 . 5 6 . 2 4 34 26 O. 735 25 O. 15 3. 4 400 E 120 E 200 
820608 1897 440 O. 190 O. 5 7. 4 7 . 7 286 1.6 0 . 0 3 8 18 0 . 596 14 O. 33 3. 0 E1300 E 240 620 
820622 2201 440 0.200 10.0 4.3 8 . 1 296 1.5 4 . 0 1 20 35 0 . 041 5 O. 34 5. 3 220 E 10 250 
* Not sampled until August 4, 1981. 
.j::> 
en 
Table 24. Water qual i ty data for Big Creek (upper site), Round Valley watershed, Utah. 
to Bear Lake. (April 24, 1981 to June 22, 1982). 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N . TV,N TOC TOTAL 
NO . NO. TEMP ALK BIDlTY PENDED PHOS PHOS PERSUL- COl I-
AS SOLIDS P04-P FATE FORMS 
CAC03 METHOD 
YR/110/DA CFS C MG/L I1G/L NTU I1G/L UO/L UG/L UGIL HG/L UG/L MG/L MG/L */100 
t1L 
810424 1156 403 15. 8 12. 0 8 . 1 178 0 . 9 3 . 2 10 13 98 o. 158 2 0 . 00 1. 0 46 
810508 1399 403 13. 4 8 . 0 9 . 8 8.0 216 4 . 1 12.2 27 52 26 0 . 086 4 0 . 35 4. 7 390 
810526 1588 403 9 . 7 13. 5 5 . 9 7 . 9 199 1.7 0 . 0 5 21 43 0 . 029 1 o. 25 3 . 7 C 
810609 1742 403 6 . 1 15. 0 6 . 2 8 . 4 190 1. 1 5. 0 5 17 60 0 . 029 1 0 . 36 4. 1 E 60 
810623 1949 403 7 . 8 14. 5 6.0 8 . 3 189 1 . 4 6 . 4 5 15 26 0 . 029 1 0.14 2 . 4 40 
810707 2348 403 14. 0 16.5 6.3 8 . 6 206 1.5 4 . 0 5 12 36 0 . 090 1 0 . 22 3 . 8 290 
810721 2556 403 21.6 12. 0 9 . 3 8 . 4 195 1 . 1 0 . 0 1 12 30 0 . 057 2 0 . 04 O. 5 E 110 
810804 2834 403 17. 6 12. 0 7 . 2 8 . 6 208 o. 7 7 . 6 1 20 34 3 . 8 124 
810818 3214 403 15. 9 12. 5 8 . 4 8 . 1 208 1. 1 0 . 0 3 20 41 0 . 048 2 O. 19 2.4 440 
810901 3539 403 21. 4 9 . 5 8 . 9 8 . 2 189 o. 5 4 . 0 3 22 18 0 . 087 3 0 . 06 O. 5 144 
811006 4031 403 23.1 5.5 10.5 8 . 4 186 o. 7 2 12 26 O. 161 9 0.09 O. 5 E ?80 
811103 4430 403 28. 1 7.0 8 . 7 8 . 3 182 2 . 1 2.8 8 16 63 0 . 242 8 0 . 26 0. 6 E 180 
811::::!01 4781 403 28. 3 3 . 0 8 . 7 8 . 4 189 14. 0 41. 4 16 65 87 0 . 246 4 0 . 35 3 . 6 C 
820119 234 403 30. 5 5 . 0 8.6 8 . 3 182 3 . 9 6 . 0 12 34 76 0 . 293 3 0 . 07 1.2 E 300 
820209 554 403 27. 0 3 . 0 8.6 8 . 2 190 8 . 6 22. 0 16 53 78 0 . 246 2 O. 21 2. 6 600 
820218 721 403 29. 9 6 . 0 7 . 8 8 . 0 173 3. 8 14. 8 70 171 505 0 . 236 '1 1. 64 9. 4 
820302 801 403 32.2 6 . 0 8. 7 8 . 5 186 3 . 3 5. 8 18 36 67 0 . 257 3 O. 14 1.6 ? 40 
820406 1217 403 29 . 3 5. 0 9 . 3 8 . 4 179 2 . 4 5. 2 5 20 30 0 . 259 1 o. 10 1. 0 E 80 
820420 1358 403 30. 0 5 . 6 9 . 8 8 . 2 180 2 . 6 12. 0 22 26 35 0 . 306 '! 0 . 17 1. 1 E 36 
820504 1517 403 24.1 9 . 0 8.3 8 . 5 181 1. 0 2. 8 4 26 40 o. 167 3 0.22 10.6 '!20 
820518 1692 403 9. 1 9 . 0 8 . 6 8. 1 207 2 . 4 7 . 8 1 18 16 O. 183 7 O. 10 2. 8 E 140 
82()608 1901 403 10. 2 8. 5 7 . 7 8. 1 202 1.7 o. 8 7 12 160. 047 1 0 . 39 4. 6 E 100 
820622 2205 403 8 . 8 13. 0 5 . 0 8 . 2 187 1 . 7 1.6 4 10 24 0.038 1 0 . 22 3. 2 E 140 
Tri buta ry 
FECAL FECAL 
COLI- STREP-
FORMS TOCOC-
CI 
*/100 */100 
HL I1L 
90 E 12 
132 380 
35 24 
E 38 40 
90 480 
E 230 160 
<: 1 164 
152 284 
E 110 
E 24 E 16 
E 30 E 22 
C 40 
96 E 56 
C E 44 
2~·O 33~0 
,'!2 E 10 
E 30 E 100 
E 420 E 400 
E 140 E 400 
E 100 E 500 
E 40 480 
+> 
-...J 
Table 25. Water quality data for Big Creek (lower site), Round Valley watershed, Utah. Tributary 
to Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. T£MP ALK BIDITY PENDED PHOS PHOS PERSUL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MG/L MG/L *1100 *1100 */100 
ML ML ML 
810424 11:;:5 402 3. 2 7 . 9 202 7.8 29.2 10 84 92 0 . 037 3 O. 78 6. 6 E 1:50 E 3:5 E 10 
810:508 1398 402 4.8 8.0 8.4 8 . 6 24:5 17.0 30.0 6 118 16 O. 009 1 0.96 9. 2 E 70 E 26 E 16 
810:526 1:587 402 4. 1 14. 0 6 . 3 8 . 6 2:54 19. 0 37. 0 :5 1:5:5 34 0 . 039 1 1. 17 11.3 E 100 
810609 1741 402 3. :5 17. 0 4 . 0 8 . 6 300 2. :5 18.2 3 79 620. 038 1 0.94 13. 0 E 30 39 39 
810623 1948 402 1.9 19.0 4 . 7 8 . :5 338 7 . 3 :5. 8 9 81 34 0 . 038 2 1 . 10 E 60 E 20 76 
810707 2349 402 1.6 19. 0 2 . 3 8 . 6 296 36. 8 20. 0 24 144 144 0 . 061 9 1. 49 14. 5 E 700 E 300 360 
810721 2:5:54 402 7 . 8 18. 0 :5. 4 8.:5 171 14. 0 25. 2 :5 50 45 0 . 028 1 0 . 36 4.5 E 110 E 230 160 
810804 2816 402 O. :5 19. 0 4 . 6 8 . 6 184 18. 0 47.0 1 146 3:5 0 . 046 4 0 . 62 8. 1 E 220 E 160 E 160 
810818 3209 402 0 . 3 16. :5 :5 . :5 8.4 217 12. 0 30. 0 7 108 31 O. 019 1 0 . 90 8. 8 E 800 E 700 1340 
810901 3541 402 2 . 6 14. 0 7 . 7 8 . 6 225 13. 0 22.8 1 78 19 0 . 028 2 O. 77 8.2 E 20 E 48 
811006 4030 402 30. 9 6 . 8 10. 2 8. 5 18:5 1.3 2 12 19 0 . 024 6 0 . 16 1. 9 E 80 E 40 E 44 
811103 4429 402 32. 1 4 . 0 9.2 8 . 3 192 2 . 0 5 . 2 I 3 35 0.262 8 0 . 16 1. 5 E 150 E 30 E 42 
811201 4780 402 28. I -1. 0 9 . 3 8 . 4 200 3. 3 5 . 0 12 29 144 0 . 203 7 0 . 28 1. 1 E 72 21 42 
820119 233 402 26. 2 -1. 0 9 . I 8 . 4 194 3 . 7 4 . 8 15 28 159 0.255 5 0 . 22 1. 6 136 E 180 
820209 553 402 22 . 2 -1. 5 8.2 8 . 2 204 3 . 7 4 . 0 16 30 121 O. 223 4 O. 15 1. 7 E 24 E 10 E 20 
820218 720 402 34. 6 2 . 0 5. 8 7 . 9 182 6 . 0 24. 6 43 308 1950 O. 155 15 5 . 18 31. 0 
820302 800 402 44 . 8 3 . 5 7 . 7 8 . 5 210 7 . 1 10. 4 15 66 96 O. 125 5 O. 51 7. 1 E 60 <: 620 
820406 1216 402 41. 5 1.0 8 . 2 8.4 215 5 . 6 13. 4 6 34 57 0 . 119 1 0 . 34 2. 9 E 20 21 E 90 
820420 1359 402 40. 3 1. 0 10. 0 8 . 3 204 2.3 8 . 8 6 8 50 0 . 116 4 0 . 36 5. 3 40 E 30 66 
820504 1516 402 80. 4 9 . 0 5. 5 8 . 4 197 10. 0 32. 8 8 72 42 0 . 047 3 O. 79 9 .. 1 EIS00 E 700 E 400 
820518 1~91 402 54.4 12. 5 5 . 8 8 . 2 220 12. 0 39. 8 2 101 18 0.117 3 O. 59 10. 5 E 200 E 100 E 200 
820608 1900 402 19. 9 10.0 7 . 1 8 . 1 2:50 7 . 5 18. 0 13 44 18 0.039 1 0 . 80 8. 5 E 280 E 100 E 440 
820622 2204 402 3 . 2 18.0 12. :5 8 . 7 207 8 . :5 14. 8 1 96 190. 051 8 O. 90 11. 0 E 200 E 200 250 
.p. 
00 
Table 26. Water quality data for Falula Spring, Round Valley watershed, 
Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- sus- ORTHO TOTAL NH3-N N08-N N02·-N 
NO. NO. T£MP ALK BIDITY PENDED PHOS PHOS 
AS SOLIDS P04-P 
CAC03 
YR/MO/DA CFS C MG/L MG/L NTV MG/L VG/L UG/L UG/L MG/L UG/L 
810424 1157 '104 8 . 4 225 2 . 1 7 . 7 12 27 88 O. 454 6 
810508 1400 '104 3 . 4 9.510. 3 8 . 5 235 39. 0 13. 0 4 20 20 O. 109 2 
810526 1589 '104 1.9 13. 5 9 . 4 8 . 4 367 4 . 8 9 . 8 6 38 21 0 . 029 1 
810609 1743 '104 O. 4 14. 0 8 . 0 8 . 6 290 14. 0 39. 0 0 138 57 0.019 1 
810623 1950 '104 2 . 5 15.0 8.2 8 . 4 218 1.8 6 . 4 3 13 26 0 . 029 1 
810707 2347 404 3 . 3 13. 5 8 . 3 8 . 6 234 1 . 7 4. 4 7 26 39 0 . 057 3 
810721 2551 404 12. 4 16.0 7.5 8 . 3 329 43. 0 468. 0 20 330 93 0 . 560 30 
810a04 2825 404 1 . 0 16. 0 7 . 2 8 . 6 220 3. 8 13. 2 1 30 33 0 . 008 2 
810a183211 404 o . 1 16. '0 7 . 3 8 . 3 204 5 . 1 10.0 7 32 52 0 . 038 2 
810901 3545 404 O. 2 11.0 8 . 0 8 . 3 200 4 . 1 11.6 3 20 34 0 . 019 1 
811006 4032 404 0 . 4 6.2 9 . 8 8 . 4 211 3. 0 2 16 27 0 . 054 6 
811103 4431 404 0.6 2 . 5 10. 1 8.4 219 5. 9 4. 4 0 16 62 0 . 172 8 
811201 4782 404 O. 3 -1. 0 8 . 6 8.4 242 32. 0 78. 6 10 122 136 0 . 234 6 
820119 236 404 O. 5 0.0 9.3 8 . 3 247 9 . 5 15. 2 10 51 950. 221 4 
820209 555 404 1.4 -0.5 7 . 9 8 . 0 263 9 . 6 16. 4 9 47 53 0 . 182 3 
820218 722 404 2 . 4 -1.0 5. 7 7 . 8 194 13. 0 34. 8 91 329 1600 0 . 218 22 
820302 802 404 2 . 2 3 . 0 8 . 8 8 . 6 346 7 . 1 9 . 6 9 56 61 O. 116 4 
820406 1218 404 1 . 6 0 . 0 9 . 7 8 . 5 299 8 . :5 17. 8 1 38 28 0 . 129 1 
820420 1360 404 1. 1 1.0 10. 4 8.3 262 21.0 4 . 8 27 36 66 0.136 4 
820504 1518 404 1.9 6.5 8 . 7 8.5 287 10. 0 22. 0 1 30 410. 086 4 
820518 1693 '104 0 . 9 8.0 8 . 9 8.2 277 9 . 8 25.8 2 50 22 0 . 116 4 
820608 1902 '104 3 . 0 7.5 8. 6 8.2 441 3 . 6 5. 2 6 12 190. 031 1 
820622 2206 404 0 . 8 13. 5 7 . 9 8 . 5 310 2 . 7 1.6 1 4 19 0 . 029 1 
Utah. Tributary to 
TI(N TOC TOTAL FECAL 
PERSUL- COLI- COLl-
FATE FORMS FORMS 
METHOD 
MG/L MG/L 11/100 11/100 
ML ML 
0 . 00 3 . 0 E 100 86 
0 . 26 2. 7 E 200 154 
0.54 8. 6 590 
O. 78 9. 2 960 1420 
O. 16 2 . 6 450 330 
0 . 09 1. 6 410 370 
0.0036. 2 C C 
0.25 4. 5 660 E 200 
O. 42 4. 4 E 500 E 500 
O. 32 4. 0 1020 640 
0 . 17 1.9 120 88 
0 . 33 1.7 E 80 E 4 
0 . 63 4. 0 E 100 <: 1 
O. 16 3. 7 100 E 4 
O. 24 3.2 E 200 C 
4 . 3825. 4 
0 . 69 9 . 4 200 E 6 
0 . 37 6.9 E 100 E 50 
O. 58 12. 8 E 100 E 10 
0 . 64 7. 5 1900 1900 
0 . 34 6.0 E 300 E 400 
1. 05 10. 4 E1300 E1300 
O. 43 7.2 E 100 E 100 
FECA!_ 
STREP-
TOCOC-
CI 
11/100 
:11-
< 1 
122 
870 
570 
570 
C 
10'JO 
1360 
128 
E 30 
100 
E 60 
E 76 
720 
E 110 
210 
E 900 
3·JO 
2160 
500 
+:> 
lD 
Table 27. Water quality data for South Eden Creek, South Eden watershed, 
Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N 
NO. NO. TEMP ALI'. B IDIlY PENDED PHOS PHOS 
AS SOLIDS P04-P 
CAC03 
YR/MO/DA CFS C M(UL MG/L NTU MG/L UQ/L UG/L UGIL MG/L UG/L 
810424 11~8 4O~ 1. ~ 9 . 0 8 . 2 308 42. 0 116. 4 10 113 48 0.288 2 
810~08 1401 40:) 1.4 6 . 0 9.3 8 . :) 290 4 . 4 74. 0 2 10:) 17 0 . 099 1 
810:)26 1:)90 40:) 0 . 8 11 . :) 8.9 8.:) 310 83. 0 269. 0 8 4:)1 28 0 . 088 2 
810609 1744 40:) 0 . 6 12. :) 8.8 8 . :) 273 :)1. 0 78. 2 :) 140 60 O. 109 2 
810623 19:)1 40:) 0 . 4 14. 0 7 . 7 8.3 272 43. 0 :)2. 4 :) 111 38 O. 109 2 
810707 23:)1 40:) 0 . 3 16.0 6.6 8 . 7 269 1:). 0 11.6 3 30 :)6 0 . 047 3 
* 810721 
810804 
810S18 
810901 
811006 
811103 
811201 
820119 
820209 
820218 
** 820302 
** 820496 
820420 1361 405 1.3 1.0 11.2 8 . 3 307 15. 0 30.8 8 38 12 0 . 179 1 
820504 1519 405 3 . 8 5 . 5 9 . 8 8. 5 296 80. 0 163.0 6 138 29 O. 146 4 
820518 1694 405 4.7 7.0 9.2 8 . 3 295 27 . 0 63. 4 3 68 12 0 . 286 2 
820608 1903 405 4.4 6 . 5 9 . 8 8 . 3 281 18. 0 29. 2 3 30 17 0.249 1 
820622 2207 405 0 . 8 10. 0 8 . 9 8.5 258 17. 5 24.0 1 18 23 0.245 2 
* No flow from July 21, 1981 to February 18, 1982. 
** Site not accessible due to road conditions. 
Utah. Tributary to 
TKN TDc- TOTAL FECAL 
PERSUL- COLI- COLI-
FATE FORMS FooMS 
METHOD 
MG/L MG/L 11/100 11/100 
ML ML 
0. ~2 6.~ E 140 43 
0 . 39 6.0 E 700 210 
0 . 99 9. 9 C 
O. 68 9. 6 480 
o . 33 10. 4 Ei":)OO E 700 
4. 8 E1700 E1800 
O. 39 4. 6 108 E 30 
0 . 66 8. 0 3300 3000 
0 . 24 6 . 6 E 400 E 200 
0 . 37 4. 1 1550 540 
0 . 25 4. 6 420 E 280 
FECAL 
STREP-
TOCOC-
CI 
11/100 
ML 
80 
80 
E 620 
3000 
3800 
E 160 
2000 
E1000 
1600 
1310 
U1 
o 
fable 28. Water quality data for North Eden Creek, North Eden watershed, Utah. Tributary to 
Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- OR THO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALK BIDITV PENDED PHOS PHOS PERSUL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UG/L MG/L UG/L HG/L MG/L *1100 */100 */100 
ML ML ML 
810424 1159 406 2 . 3 14.0 8 . 5 243 6.1 23. 8 43 90 52 0 . 028 2 1.28 4. 5 300 280 E 10 
810508 1402 406 2 . 2 9 . 0 10. 1 8. 7 246 9 . 1 8 . 4 32 61 16 0 . 008 2 0 . 26 4 . 4 E 100 50 E 30 
810526 1591 406 1 . 8 14. 5 9 . 0 8.6 220 5 . 9 7.0 37 66 41 0.039 1 o. 22 4. 3 E 400 
810609 1745 406 1.4 16. 0 8 . 9 8 . 6 227 2 . 9 3 . 8 41 60 88 0 . 049 1 0 . 36 4. 8 E 60 E 14 26 
810623 1952 406 1.3 17. 0 8 . 6 8 . 6 218 1. 8 4.8 32 46 27 0 . 039 o. 17 11. 6 E 66 E 28 140 
810707 2353 406 0 . 4 21. 0 8 . 1 8 . 9 194 1 . 4 6 . 4 5 16 32 0 . 009 o. 24 3 . 6 240 68 480 
810721 
810804 
810S18 
810901 
811006 4033 406 O. 7 8 . 5 9 . 7 8 . 6 186 6 . 5 24 46 27 O. 105 5 0 . 29 3. 7 1260 1500 560 
811103 4432 406 0 . 3 2 . 5 10. 2 8.5 251 1 . 2 0 . 0 12 14 24 0 . 019 1 0.33 3. 1 52 E 40 E 38 
811201 4783 406 O. 7 -1.010. 1 8 . 5 281 1 . 7 4 . 2 27 38 11 - . 900 1 0 . 17 2.9 160 112 21 
820119 235 ·406 1 . 2 -1.0 10. 2 8.6 262 2 . 8 2 . 0 41 55 38 0 . 234 5 o. 10 2. 8 66 E 12 E 2 
820209 556 406 O. 7 -1 . 0 10. 0 8 . 3 263 1.9 O. 0 44 5S 46 O. 293 6 0 . 11 3. 0 
820218 723 406 9 . 4 1. 0 10. 8 8 . 1 174 23. 0 52. 4 76 195 49 0 . 501 9 0 . 66 9. 7 
820302 
820406 
820420 1362 406 5 . 5 2 . 0 11. 4 8 . 4 224 18. 0 34.8 54 118 450.244 6 0 . 47 5. 5 E 32 E 10 E 360 
820504 1520 406 6 . 3 7 . 5 8 . 5 240 29. 0 80. 0 50 54 34 0 . 048 2 O. 50 6.2 E 900 E 900 E 300 
82051B 1695 406 4 . 1 11. 0 8 . 4 8 . 6 255 6 . 4 13. 4 36 BB 7 0 . 041 1 0 . 25 5. 6 280 E 200 E 100 
82060B 1904 406 3. 2 9 . 5 9 . 5 8.5 2.34 4 . 9 4 . 4 37 62 180. 041 1 0 . 30 3. 5 E 140 E 20 E lBO 
820622 2208 406 2 . 1 14. 0 8.4 8 . 6 195 5 . 2 5 . 3 30 32 27 0 . 042 1 0.29 4. 5 E 120 E 40 E 510 
U1 
Table 29. Water quality data 
to June 22, 1982). for flow entering Bear Lake via Lifton Station, Idaho. (April 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL 
NO . NO. TEMP ALK BID lTY PENDED PHOS PHOS PERSUL- COlI-
AS SOLIDS P04-P FATE FOI<MS 
CAC03 METHOD 
YR/110/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MGIL I1G/L 11/100 
ML 
810424 1162 420 0 . 0 13. ' 8 . 3 212 4 . 7 8 . 6 7 22 '1 0 . 016 2 o. 19 ' . 2 E 6 
810~08 140~ '1.20 0 . 0 7 . 8 8 . 3 216 7 . 6 7 . 6 4 24 29 0 . 019 1 0 . 56 5. 6 C 
810526 1594 '1.20 o. 0 14 . ~ 7.6 8 . 4 237 19. 6 8 . 4 ~ 36 ~6 o. 120 1 0.24 6. 3 <. 
810609 1746 420 490. 0 17. 0 4.2 8 . 5 2~3 16. 0 21. 1 0 '1 33 0.019 1 O. 73 12. 0 < 
810623 1963 420 103. 0 16. 0 7. 5 8 . 7 270 3 . 0 3 . 2 0 17 40 0.019 1 0 . 33 3. 4 
810707 2362 420 -1255 21 . 0 8 . 0 8 . 9 266 9 . 8 16. 8 3 46 32 0 . 024 1 0 . 28 3. 2 
810721 2565 420 -835. 0 21. 0 7 . 4 8 . 7 278 5. 5 6. 8 3 20 28 0 . 018 2 0 . 29 3. 7 
810808 2824 420 -830. 0 21.0 7 . 0 8 . 8 281 5 . 8 10. 8 2 · 28 61 0.009 1 0 . 30 
810818 3205 420 -413. 0 23 . 0 7 . 2 8 . 7 265 5 . 2 7 . 6 1 1 83 0 . 060 1 O. 19 3 . 9 
810901 3548 420 -837 . 0 18. 5 6 . 9 8 . 7 260 5 . 6 12. 0 1 1 16 0.009 1 0 . 25 3. 7 
811006 4034 420 0 . 0 11. 0 8 . 4 8 . 7 264 4 . 8 O. 6 1 12 17 0 . 009 1 0 . 24 3 . 7 
811103 4450 420 268. 0 5 . 0 9 . 9 8.6 231 7 . 0 4 . 4 1 30 22 0 . 009 1 0 . 45 4. 0 
811203 4807 420 212 . 0 . 0 . 0 8 . 3 254 3 . 7 3 . 4 1 16 19 O. 100 8 o. 22 3. 6 
820119 237 420 194. 0 0 . 0 7 . 5 8 . 2 242 3 . 3 1 . 2 3 14 470. 290 4 0.07 3. 1 
820209 '58 420 201. 0 -1. 0 6 . 9 8 . 0 263 3 . 8 1.7 2 16 45 0 . 220 3 0.12 3. 2 
820218 724 420 176. 0 1.0 7 . 6 7 . 7 237 3 . 2 , . 0 12 40 36 0 . 220 1 0 . 26 2.8 
820302 803 420 438. 0 1.0 8 . 8 8 . 5 218 28 . 0 39. 2 16 108 94 O. 170 6 o. 47 7. 6 
820406 1220 420 609. 0 3 . 0 8 . 0 8 . 4 240 28. 0 42. 6 3 90 38 0 . 090 'I O. 50 7. 9 
820420 1364 420 0 . 0 3 . 2 9 . 6 8 . 3 202 23 . 0 36. 4 3 60 34 0 . 060 4 0 . 47 7. 0 
820504 1~22 420 1~01. 0 11 . 0 6.7 8 . 4 206 26 . 0 56. , 1 '2 250. 050 3 0 . 46 6. 1 
820518 1697 420 588. 0 12. ~ 6 . 3 8 . 2 203 24 . 0 39. 8 5 84 4 0.040 2 0 . 36 7. 4 
820608 1906 420 433. 0 11. 0 7 . 2 8 . 2 214 17. ~ 24. 8 2 26 90. 030 2 0 . 50 6. 8 
820622 2210 420 1256. 0 18 . ~ 6 . 0 8 . 3 209 1~ . 5 26. 4 20 20 O. 050 1 O. 43 6. 2 
Note: Negative flow indicates water flow from Bear Lake to Di n~l e ~~a rsh. 
24, 
FECAL 
COLI-
FORMS 
11/100 
foiL 
<. 1 
E 1 
E 10 
1981 
FECAL 
STREP -
TOCOC-
CI 
11/100 
ML 
< 1 
E 16 
18 
<.Jl 
N 
Table 30. Water quality data for flow entering Bear Lake via the causeway, Idaho. (/\pril 
June 22, 1982). 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOlAL 
NO . NO. TEMP ALII. BIDITY PENDED PHOS PHOS PERSUL- COLI-
AS SOLIDS P04-P FATE FORMS 
CAC03 METHOD 
VR/MO/DA CFS C MOIL MOIL NTU MOIL UG/L UO/L UOIL I1G/L UG/L MOIL MOIL .1100 
ML 
810424 
810508 
810526 
810609 
810623 
810707 
810721 
810808 
810818 
810901 
811006 
811103 
811201 
820119 
820209 
820218 
820302 
820406 
820420 
820504 
820518 1698 100 1721.0 8 . 2 208 18. 0 26. 6 29 8 0 . 031 0 . 43 6. 6 
820608 1907 100 1448. 0 8 . 3 227 36. 0 52. 8 58 15 0 . 023 0 . 68 8. 7 
I~ote : No fl ow until ~lay 18, 1982. 
24, 
FECAL 
COLI-
FORMS 
It/l00 
i'lL 
1981 to 
FECAL 
STREP-
TOCOC-
C1 
It/l00 
ML 
Ul 
W 
Table 31. Water quality data for Ream Crockett Canal, ~1erkley r~ountains watershed, Idaho . Tributary 
to Dingle Marsh. (April 24, 1981 to June 22, 1982). 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALK BIDITY PENDED PHOS PHOS PERSUL- COL[- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD C1 
YR/MO/DA CFS C MQ/L MQ/L NTU MQ/L UQ/L UQ/L UQ/L MQ/L UQ/L MQ/L MQ/L .,100 ./100 ./100 
* 810424 
810508 
810526 
810609 
810623 
ML ML ML 
8107072354 421 3 . 3 21 . 0 6 . 4 8 . 7 261 19. 0 37. 2 4 58 580.050 3 0 . 45 5. 6 E 300 320 660 
810721 2549 421 8.0 20 . 0 6 . 5 8 . 5 304 18. 0 33. 6 24 66 65 0 . 080 5 0 . 71 8. 2 570 820 830 
8108042821 421 2 . 0 20.0 8 . 1 8 . 7 223 13. 0 24. 8 9 58 500.050 2 0 . 30 5. 8 1080 E1300 1000 
8108183208 421 12. 0 18.0 9 . 5 8 . 4 238 11 . 0 26.6 1 34 270. 050 2 0 . 28 4. 1 E 400 E 68 260 
8109013549 421 2 . 0 16. 0 8 . 5 8 . 5 226 15. 0 27. 2 2 78 200. 008 2 0 . 32 4. 6 520 E 360 1260 
8110064035 421 1 . 0 8 . 5 10. 8 8 . 5 198 15. 0 . 0 1 28 230. 019 1 0 . 20 2. 6 
8111034434 421 4 . 0 6.0 10. 2 8.5 204 16. 0 17. 4 1 28 180. 019 1 0 . 32 3 . 0 68 E 70 E 14 
811201 4784 421 3 . 0 -1 . 0 11 . 0 8 . 5 246 14. 0 23. 4 4 59 9 0 . 150 3 0 . 17 0 . 4 E 60 E 11 39 
820119 238 421 19. 0 0 . 0 9.0 8 . 2 221 7 . 2 7 . 6 3 24 490. 310 5 0 . 10 2 . 2 E 48 E 20 E 14 
820209 559 421 21 . 6 -1 . 0 7 . 9 8 . 0 251 7.6 9 . 6 10 31 280. 290 1 0 . 22 24 E 24 E 18 E 4 
820218 726 421 21. 0 0 . 0 9 . 5 7 . 9 214 7. 1 12. 4 14 44 40 O. 300 1 0 . 22 1. 9 
820302 804 421 23. 0 0 . 5 9.2 8 . 5 171 71 . 0 85 . 2 27 172 1280. 230 9 0 . 69 9 . 1 122 34 580 
820406 1221 421 5 . 0 4 . 0 11 . 6 8 . 6 240 28. 0 42.8 7 80 380. 060 4 0 . 53 9. 0 E 180 E 140 240 
820420 1365 421 4 . 0 3 . 0 12.3 8 . 5 231 85., 0 136. 4 9 238 37 O. 130 6 0 . 77 7. 8 840 170 680 
820504 1523 421 4 . 0 8.0 10. 1 8 . 6 193 105. 0 166. 0 9 194 380. 240 12 0 . 59 E1400 E ~OO El000 
820518 1699 421 8 . 0 10. 5 7 . 8 8 . 2 260 390. 0 749. 0 14 270 34 0 . 280 8 1. 5423. 2 T T 4900 
820608 1908 421 9 . 0 9 . 0 9 . 0 8 . 3 225 21 . 0 45. 4 9 68 170.050 2 0 . 58 7. 6 E 200 E 90 E 140 
8206222211 421 3 . 0 17.0 8 . 0 8 . 5 222 35.0 74. 4 13 90 13 0 . 070 5 0 . 45 7. 1 E 600 E 100 E 140 
* Not sampled from April 24, 1981 to June 23, 1981. 
U l 
.;::. 
Table 32. Water quality data for Bear River at Stewart Dam, Idaho. River 
Marsh at this location. (Apri 1 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N 
NO . NO. TEMP ALK BIDITY PENDED PHOS PHOS 
AS SOLIDS P04-P 
CAC03 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L 
810424 1163 422 13:5. 0 13.0 8 . 3 216 21. 0 42. 0 9 97 28 O. 060 2 
810:508 1406 422 60. 0 10. 0 7 . :5 8 . 3 224 :54. 0 12. 4 1 3:5 160. 009 1 
810:526 1:59:5 422 168. 0 14. :5 8 . 4 8 . :5 228 26. 0 18. 6 3 108 3:5 0 . 081 1 
810609 1747 422 458. 0 18. 0 9 . 2 8 . 6 261 47. 0 86. 2 0 23:5 6:5 O. 130 3 
810623 1953 422 142. 0 19. 0 B. 6 8 . :5 283 36. 0 60. 0 :5 1:53 27 0 . 080 3 
810707 2344 422 35. 0 21 . 0 6 . 4 8. 7 269 42. 0 71. 6 11 88 0 . 019 1 
810721 2558 422 228. 0 20.0 6 . 9 8.6 293 31. 0 :52. 0 1 96 42 0.040 3 
810804 2831 422 148.0 20. 0 7 . 0 8.6 220 28. 0 44.0 5 66 420. 009 1 
810818 3213 422 86. 0 19. 0 7 . 5 8 . 4 231 27. 0 46. 0 1 46 32 0 . 040 1 
810901 3542 422 21. 0 15. 5 7. 2 8 . 3 236 24 . 0 39. 6 1 66 28 0 . 009 1 
811006 4036 422 16. 0 9 . 3 9 . 0 8 . 5 208 18. 0 13. 2 2 38 19 O. 008 2 
811103 4435 422 152.0 4.0 10. 4 8 . 5 205 8 . 6 8 . 1 1 20 16 O. 028 :2 
811201 4785 422 160. 0 - 0.5 12. 1 8 . 4 233 7 . 3 9 . 8 2 24 8 O. 150 3 
820119 239 422 119. 0 0.0 9 . 9 8 . 3 228 4 . 0 2 . 4 2 15 36 O. 300 5 
820209 :560 422 114 . 0 -0 . :5 9. 2 8 . 0 251 4 . 3 2 . 8 2 19 35 O. 290 4 
820218 725 422 128. 0 0 . 0 9 . 8 7 . 9 221 4. 7 6 . 8 12 33 31 O. 300 1 
820302 80:5 422 321. 0 O. :5 9 . 4 8 . 5 180 67 . 0 91 . 2 24 198 119 0 . 240 9 
820406 1222 422 :525. 0 4 . 0 . 9 . 7 8 . 5 248 54 . 0 101. 8 7 196 28 0 . 240 5 
820420 1366 422 716 . 0 4 . 0 10. 0 8 . 3 249 130. 0 269. 0 12 350 45 O. 180 7 
820:504 1524 422 1247. 0 9 . 0 8 . 6 8 . :5 200 215 . 0 512 . 0 20 622 41 O. 280 16 
820518 1700 422 2190. 0 11 . :5 7 . 7 8 . :5 311 32. 0 55. 8 2 102 1:5 0 . 040 1 
820608 1909 422 1781. 0 10. 0 8 . 7 8 . 3 238 39. 0 93. 2 14 76 11 0 . 070 4 
820622 ' 2212 422 1201. 0 17.0 7 . 6 8 . :5 205 44. 0 117. 6 10 128 19 0 . 080 2 
is diverted into Dingle 
TKN TOC TOTAL FECAL FECAL 
PERSUL- COLl- COLI- STREP -
FATE FORMS FORMS TOCOC-
METHOD CI 
MG/L MG/L .1100 ./100 ./100 
ML ML ML 
0 . 24 !5. 2 E 90 36 E 60 
0 . 26 3. 6 E 12 E 11 E 12 
O. 4:5 :5. 6 14:5 
0 . 82 10. 8 < 1 E 2 E 12 
0 . 65 9. 4 E 100 E 32 300 
O. 57 6. 7 E 400 460 138 
0.49 8.2 E 140 E 160 E 20 
0 . 35 5. 7 E 240 172 276 
0.36 4. 8 
0 . 33 3. 3 C E 32 
0 . 25 2. 8 E 180 158 116 
0 . 31 2. 3 E 6 <: 1 E 6 
0 . 11 2. 5 E 8 E 4 E 4 
0 . 09 2.7 26 E 9 E 11 
0 . 11 2. 5 E 4 E 2 E 3 
0 . 20 1. 9 
0 . 63 8. 8 62 E 4 168 
O. 48 9. 8 E 40 E 2 E 100 
. O. 63 9. 1 E 100 E 30 480 
1.09 9. 1 C E1200 E 900 
O. 47 8.8 E 400 E 80 E 160 
0.68 7. 2 E 500 E 200 E 80 
O. 51 8 . 0 E 160 E 40 E 260 
c.Jl 
c.Jl 
Table 33. l~ater quality data for fl ow 1 eavi ng Di ngl e r~arsh 
1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. o . pH TOTAL TUR- SUS- ORTHO TOTAL 
NO. NO. TEMP ALK BIDITV PENDED PHOe; PHOS 
AS SOLIDS P04-P 
CAC03 
VR/MO/DA CFS C MQ/L MQ/L NTU MG/L UG/L UQ/L 
810424 1164 423 8.0 16.0 8 . 1 273 9 . 7 26. 8 10 7:1 
810508 1407 4023 2:50. 0 10.0 7 . 9 8.4 2:53 4. 4 98. 6 :51 148 
810:526 1:596 4023 12. 0 7 . 6 8 . 2 288 24 . 0 12. 8 :5 117 
810609 1748 423 11 . 0 17. 0 7 . 6 8 . 6 313 14. 0 18. 6 1 :5:5 
810623 19:14 423 713.0 20. 0 7 . 8 8 . :5 277 34. 0 48. 0 :5 11:5 
810707 23:5:1 423 1337. 0 21 . 0 :5. 0 8 . 8 286 34. 0 61. 6 1 :14 
810721 2:1:10 423 1339. 0 22 . 0 6 . 2 8.6 291 27.0 39. 2 2 66 
810e04 2814 4023 10e:l. 0 22. 0 6 . 4 8 . 7 280 28. 0 60. 4 1 96 
810818 3212 423 10:52. 0 21. 0 7 . 3 8 . 6 274 24. 0 42. 0 1 46 
810901 3:131 423 591. 0 19. 0 7.0 8 . 6 266 20. 0 32. 8 2 48 
811006 4037 423 20. 0 11.0 9 . 6 8 . 6 277 4 . 8 1 . 4 1 16 
811103 4436 423 2.0 7.0 10. 2 8 . 4 270 4. 7 3 . 6 2 28 
811201 4786 423 5 . 0 1. 0 10. 1 8 . 5 284 3 . 1 1.8 4 23 
820119 240 423 3 . 0 0 . 0 7 . 0 8 . 1 316 4. 0 :5 . 2 5 26 
820:209 :561 423 3 . 0 -1. 0 6. 7 7 . 8 332 3 . 6 1 . 0 3 30 
82(,2 18 727 423 3 . 0 0 . 3 7. 0 7 . 7 284 9 . 7 38. 0 14 96 
82(,302 806 423 4 . 0 0.0 7. 1 8 . :5 292 7.4 8. 4 57 
820406 1223 423 10. 0 :5 . 0 7 . 1 8 . 4 29:5 12. 0 22. 2 1 96 
820420 1367 423 12. 0 3 . 8 9. 9 8 . 0 17:5 13. 0 18. 8 6 88 
820:504 1:52:5 423 10. 0 8 . 0 8 . 7 8 . 5 176 22 . 0 127. 0 9 108 
820518 POl 4023 14. 0 13. 5 9 . 0 8.3 201 123.6 19 58 
820608 1910 423 16. 0 10. 0 7 . 8 8.1 230 16. 0 40. 4 3 :56 
820622 2213 423 16. 0 20. :5 6 . 0 8 . 3 264 26. 0 32. 0 1 38 
via Marsh Outlet Canal, Idaho. 
NH3-N N03-N N02-~ TV,N TOC TO"IAL 
PERSUL- COLI-
FATE FORMS 
METHOD 
UGIL t1G/L UG/L MG/L MQ/L 11/100 
I'lL 
113 o . :5:50 2 1. 47 6. :5 E 10 
48 0 . 009 1 0.49 6 . 3 E 300 
37 0 . 080 3 1 . 06 17. 7 E 80 
:51 0 . 0:50 2 1 . 14 16. 6 < 1 
32 0.060 1 o . :51 8 . :5 E 20 
44 0 . 009 1 O. 5:5 5. 2 C 
31 0 . 110 1 2.40 :1. 8 E 100 
106 0 . 040 7 0 . 39 7. 6 E 280 
33 0 . 040 1 0 . 46 6 . 3 E 80 
35 0 . 019 1 0.34 4. 3 E 100 
17 0 . 009 1 0 . 29 3. 6 < 1 
24 0 . 019 1 0 . :51 11. 0 E 2 
23 0 . 019 1 0 . 32 5.7 E 4 
94 0 . 110 :5 0 . 36 5. 9 E 18 
46 0 . 310 4 o. 1:5 :5. 9 E 13 
96 o . 140 :7. 1. 17 8 . 1 
66 o . 1:50 6 0 . 48 8. 1 20 
27 0 . 040 2 0 . 88 13. 0 E 12 
320. 070 4 O. 77 8 . 4 E 20 
18 0 . 070 4 0 . 45 6. 5 E 140 
9 0 . 380 3 O. 16 7. 3 E 40 
19 0 . 008 2 o. 87 10. 9 E 100 
17 0 . 040 2 0.8:5 11. 7 E 60 
(Apri 1 24, 
FECAL FECAC 
COLI- STREP-
FORMS TOCOC-
CI 
11/100 11/100 
i'lL i'lL 
E 4 < 1 
E 4 E 30 
E 4 39 
E 16 290 
64 E 3 ·:>0 
106 E 10 
E 400 112 
E 72 E 76 
E '!O 
< 1 < 1 
< 1 E 6 
E 2 E :5 
' . 1 E 18 
E 8 42 
<: 1 440 
<: 1 E 160 
E 4 E 170 
E 200 E 400 
E 40 E 20 
E 20 E 240 
200 E 30 
U1 
0'1 
Table 34. Water qual ity data for Bl oomi ngton Creek, Bloomington watershed, Idaho. Tri butary to 
Dingle Marsh. U\pril 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALK BID ITY PENDED PHOS PHOS PERSUL- COLI- COLI - STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MG/L MG/L .1100 ./100 IU100 
ML HL ML 
8101\·24 1165 427 8 . 8 15. 0 8 . 4 208 2 . 5 8 . 0 10 45 8 . 040 2 8 . 34 8.7 -( 1 £ 8 £ 20 
810424 1166 428 16. 0 8 . 3 214 29. 0 56. 4 42 56 99 O. 140 5 1.91 7.4 -( 1 £ 9 E 40 
810508 1408 427 O. 2 10. 0 8 . 2 8 . 4 226 4 . 4 5 . 6 11 52 19 0 . 009 1 0.66 9.9 E 40 E 12 E 26 
810508 1409 428 3 . 0 10. 5 8 . 4 8 . 5 191 14.0 27. 0 12 81 32 0 . 009 1 0.60 8. 7 E 30 £ 2 £ 10 
810526 1597 427 10. 0 8 . 8 8 . 2 124 8. 7 13.8 19 66 340. 070 2 0.25 5. 4 C 
810526 1598 428 10. 5 9 . 1 8 . 6 137 10. 0 26. 2 21 92 34 0.070 2 0 . 37 6. 6 E1300 
810526 1607 429 10.0 9.3 8 . 5 117 8 . 0 13. 2 21 72 37 0 . 060 1 0 . 24 4. 9 E 900 
810609 1749 427 4 . 5 17. 0 7 . 6 8.6 214 2 . 3 3 . 1 9 34 40 0 . 019 1 0 . 65 10.8 72 ~1 20 
810609 1750 428 6 . 2 21. 0 7 . 3 8 . 5 212 13. 0 55. 0 7 124 46 O. 013 1 0 . 90 11. 9 <: 1 -( 1 E 36 
* 810623 
810707 
810721 
810804 
810818 
810901 
81100b 
811103 
811201 
820119 241 424 13.7 1.0 9. 7 8 . 3 213 1 . 3 O. 8 17 28 49 o. 150 5 0 . 09 2. 8 £5000 £1300 96 
820209 . 562 424 12. 7 -1 . 0 9 . 8 8 . 4 187 2 . 4 4 . 4 18 33 28 O. 160 1 0 . 08 1. 5 E 100 £ !l7 E 370 
820218 728 430 22 . 5 4 . 5 9 . 5 8.4 172 1 . 9 11 . 6 34 77 105 O. 150 1 O. 42 3. 9 
820218 729 429 1.8 2 . 0 7 . 8 7 . 8 235 6 . 0 17. 6 97 295 334 O. 170 17 8 . 72 37. 5 
820302 807 430 22 . 0 5 . 3 9 . 9 8 . 6 180 4 . 6 9 . 2 34 82 112 O. 190 6 0 . 38 5. 0 120 E 120 T 
820302 808 429 1 . 9 3 . 5 7 . 9 8 . 4 240 10. 0 11 . 2 100 204 7110. 150 10 2 . 36 17.9 
820406 1224 424 23. 0 5 . 0 8. 7 8 . 3 204 4 . 4 15. 8 18 68 27 O. 160 3 0 . 23 3. 6 E 180 £ 140 E 180 
820420 1368 424 35.0 4 . 4 10. 3 8 . 2 190 7 . 3 30. 6 28 122 300. 440 6 0 . 60 3. 6 T 860 £ 100 
820504 1526 424 88. 0 4.510.0 8.5 133 9 . 2 36.8 23 104 35 0 . 610 9 0.39 E 220 £ 300 £ 200 
820518 1702 424 99. 0 5.0 9 . 8 8 . 4 129 8 . 3 19. 9 10 80 10 0 . 350 2 O. 18 5.2 £ 300 E 120 £ 300 
820608 1911 424 103. 0 5 . 0 10.3 8 . 2 125 3 . 9 12. 4 18 20 18 0 . 110 1 O. 26 2. 7 E 210 E 60 400 
820622 2214 424 119. 0 9 . 0 9 . 9 8.4 119 3 . 7 10. 0 10 81 25 O. 100 1 O. 12 3. 2 390 E 60 720 
* Creek not sampled from June 23, 1981 to December 1, 1981. 
CJ1 
" 
Table 35. Water quality data for Spring Creek, St. Charles watershed, Idaho. Tri butary to 
Dingle ~·1arsh. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TO: TOlAL 
NO . NO. TEMP ALK BIDITY PENDED PHOS PHOS PERSUL- COL[-
AS SOLIDS P04-P FATE FOkMS 
CAC03 METHOD 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MG/L MG/L *1100 
ML 
* 810424 
810508 
810526 
810609 
810623 
810707 
810721 
810804 
810818 
810901 
811006 
811103 
811201 
820119 243 42:5 7 . 6 10. 0 7 . :5 8 . 4 173 32. 0 208 . 0 11 162 67 0.310 3 O. :56 8 . 4 C 
820209 :563 42:5 :5 . 9 10. 0 7 . 9 8.4 183 9 . 6 80. 4 :5 80 108 0 . 110 3 0 . 37 3 . 3 E 40 
820218 731 42:5 :5 . 8 13. 0 8.2 8 . 2 169 4 . 6 41. 0 18 :54 18 0 . 230 0 . 17 2 . 2 
82C'302 812 42:5 6 . 4 12. 0 9.6 8 . 6 182 6 .4 29.6 1 :52 2~ 0 . 230 2 0.19 2. 7 E 32 
820406 122:5 42:5 7 . 0 13. 0 8. 1 8 . :5 177 3 . 8 20. 2 6 6 18 0 . 220 1 O. 10 O. 8 48 
820420 1369 42:5 10. 3 11. 0 9. 4 8 . 3 166 23. 0 97. 6 32 1:50 28 1. 050 5 0.90 4. 4 E 280 
820:504 1:527 42:5 6.4 12. :5 9. :5 8 . 6 171 4. 4 36. 0 9 :50 21 0 . 220 3 O. 18 E 80 
820:518 1703 42:5 8 . 3 13.0 8 . 2 8.3 170 4. 3 13. 8 10 60 26 1. 140 2 3 . 6 E 200 
820608 1912 42:5 :5 . 8 9 . 0 9 . 4 8 . 3 161 21. 0 70. 0 9 44 24 0 . 110 2 0 . 39 4. 3 E1300 
820622 221:5 425 12.8 17. 0 9 . 9 8 . 6 183 8. 7 20. 4 6 32 25 0 . 050 2 0.28 4. 8 1'120 
* Not sampled from April 24, 1981 to December 1, 1981. 
FECAL 
COLJ-
FORMS 
*/100 
ML 
E 100 
C 
E 4 
E 4 
E 30 
E 200 
E 2C'0 
E 32 
E :;:00 
FECAL 
STREP-
TOCOC-
CI 
./100 
MI_ 
E 12 
E 28 
104 
E 26 
<: 1 
E 100 
E 320 
400 
560 
(.J'1 
co 
Table 36. Water quality data for St . Charles Creek, St. Charles watershed, Idaho. Tri butary to 
Dingle Marsh. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL 
NO . NO. TEMP ALK BID IT\"" PENDED PHOS PHOS PERSUL- COLI- COLI-
AS SOLIDS P04-P FATE FORMS FORMS 
CAC03 METHOD 
YR/MO/DA CFS C I1G/L "G/L NTU "G/L UQ/L UG/L UGIL I1G/L UG/L MG/L MG/L 411100 41/100 
ML ML 
810424 1167 ~6 17. 0 8 . 4 :Z08 2 . 8 10. 2 76 131 131 0 . 016 2 4.0 < 1 < 1 
810~08 1410 ~6 11 . 0 8 . 2 8 . ~ 238 4 . 3 8 . 4 3 42 11 0 . 009 1 o. 43 7. 6 E 190 E 18 
810~26 1~99 ~6 16. 0 7 . 7 8.4 2~8 2 . 7 3 . 0 9 47 28 0 . 029 0.48 17. ~ E 8 
810609 17~1 ~6 17. 0 7 . 4 8 . 6 220 2 . 7 3 . 8 0 26 ~6 0 . 009 6. 7 E 140 39 
* 810623 
810707 
810721 
810804 
810818 
810901 
811006 
811103 
811201 
820119 
820209 565 426 10. 9 -1 . 0 9 . 8 8 . 3 225 1.2 0 . 0 8 13 19 O. 170 1 0 . 00 1. 2 E E 2 
820218 732 426 22. 2 5 . 0 9 . 9 8.4 199 1. 4 4 . 6 12 22 18 0 . 110 1 O. 15 1. 4 
820302 811 426 24. 8 4 . 0 10. 6 8 . 7 199 1.9 4. 0 5 80 18 0.150 2 0.05 2. 1 E 18 E 6 
820406 1227 426 12. 1 3 . 0 9 . 8 8 . 5 211 1.6 4. 6 4 4 15 0 . 210 1 0 . 09 0. 8 E 16 E 6 
820420 1370 426 34. 2 4 . 0 11 . 0 8 . 4 213 2.2 8 . 0 9 48 17 0 . 240 2 O. 10 1.9 E 20 <: 1 
820504 1528 ~6 182. 0 6 . 0 9 . 9 8. 5 174 9 . 3 37. 2 17 38 27 0 . 220 4 0 . 31 5. 1 E 200 E 100 
820518 1704 426 96. 6 6 . 0 9 . 6 8 . 3 170 4 . 8 16. 6 12 30 8 0 . 200 2 0 . 06 4. 2 E 200 E 200 
820608 1913 426 126. 0 5 . 510. 3 8 . 3 366 2 . 2 6 . 8 8 26 17 0 . 110 1 0 . 27 E 60 < 1 
820622 2217 426 149. 0 11 . 0 9 . 8 8 . 5 1~9 2 . 9 4 . 8 6 16 26 0.110 1 O. 10 2. 2 E 200 190 
* Not sampled from June 23, 1981 to January 19, 1982. 
FECAL 
STREP-
TOCOC-
CI 
./100 
ML 
E 10 
E 30 
32 
E 5 
620 
230 
148 
E 500 
E 320 
E 360 
280 
U1 
~ 
Table 37. Water (uality data for Little Creek, St. Charles watershed, Idaho. Tri butary to 
Lake. April 24, 1981 to June 22, 1982). 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL 
NO. NO. TEMP ALK B IDITY PENDED PHOS PHOS PERSUL- COLI-
AS SOLIDS P04-P FATE FORMS 
CAC03 METHOD 
VR/110/DA CFS C MG/L I1G/L NTU I1G/L UG/L UG/L UG/L I1G/L UG/L MG/L MG/L .1100 
i'lL 
810424 1168 407 11. 0 8 . 4 202 5 . 5 31. 6 12 47 41 0.087 3 0 . 27 3. 8 700 
810508 1411 407 16. 0 8.0 9 . 2 8 . 4 204 7 . 7 5 . 4 9 17 29 0 . 069 1 O. 12 2. 4 E 70 
810526 1600 407 23 . 7 10.0 8 . 7 8 . 5 177 8 . 8 12. 4 14 75 35 0 . 068 2 0 . 34 12.3 E 700 
810609 1752 407 31. 5 16. 0 8.0 8 . 6 223 5 . 0 17. 7 7 50 49 O. 019 1 0 . 21 5. 7 E 72 
810623 1955 407 21 . 0 7 . 3 8 . 4 274 8 . 1 20. 6 17 78 45 0.047 3 0 . 54 7.9 E 40 
810707 2346 407 3 . 9 18. 0 6 . 1 8 . 6 253 4 . 8 14.8 19 50 41 0 . 009 1 0 . 37 5. 9 E 600 
810721 2557 407 21. 0 7 . 0 8 . 4 282 9 . 0 25. 2 10 70 56 0 . 010 3 0 . 56 6. 0 E 400 
810804 2826 407 2. 5 22. 0 8 . 3 8 . 7 250 8 . 5 17.6 22 58 52 0 . 009 1 0 . 44 6. 8 2300 
810818 3210 407 4 . 4 18. 0 8 . 0 8 . 3 252 8 . 3 18. 0 10 3B 40 0 . 058 2 0 . 36 4. 3 E 700 
810901 3532 407 1 . 8 19. 0 10.0 8. 5 247 2 . 9 3 . 8 11 38 24 0.008 2 0 . 28 2 . 9 100 
811006 4038 407 10. 1 8.0 10. 0 8 . 5 227 3 16 28 0.018 2 O. 16 1. 4 E 20 
811103 4437 407 9 . 6 5 . 510. 6 8 . 5 228 O. 7 0 . 0 2 4 17 0 . 038 2 0 . 21 0. 5 E 28 
811201 4787 407 11. 1 -0. 5 10.8 8 . 5 227 1. 1 4 . 2 5 23 14 O. 109 1 0 . 05 1. 1 E 8 
820119 242 407 10. 6 1 . 0 10. 0 8 . 4 209 1. 1 O. 0 6 11 32 O. 127 3 0 . 00 1. 4 E 10 
820209 564 407 8.4 -1. 0 9 . 6 8 . 4 230 1.3 O. 0 5 13 17 0 . 168 1 0 . 00 1. 7 E 7 
820218 733 407 14. 6 5 . 0 10. 0 8 . 4 201 1 . 2 3 . 6 13 24 15 0 . 099 1 0 . 13 1. 5 
820302 810 407 11 . 9 4 . 0 10. 4 8 . 6 208 1 . 7 7 . 2 5 38 18 O. 168 2 O. 06 1. 5 E 32 
820406 1226 407 24. 9 4 . 0 9 . 9 8 . 6 202 1.5 4 . 2 4 12 12 O. 109 1 0.10 1. 4 E 8 
820420 1371 407 17. 6 4. 5 10. 6 8 . 5 211 2 . 5 10.0 10 36 15 O. 197 3 O. 16 0. 0 E 100 
820504 1529 407 98. 1 7 . 0 9 . 5 8.6 172 8 . 9 48. 0 27 66 34 O. 178 12 0.45 5. 7 E 200 
. 820518 1705 407 124. 5 6 . 5 9 . 8 8 . 3 175 3 . 2 20. 2 5 18 18 O. 498 2 1. 1 
820608 1914 407 91. 2 6 . 0 9 . 9 8 . 2 170 2. 9 9 . 6 9 22 19 O. 109 1 0 . 21 2.5 E 90 
820622 2216 407 170. 0 8 . 5 9 . 9 8. 5 157 2 . 4 4 . 4 7 12 20 O. 131 2 O. 15 2. 0 210 
Bear 
FECAL 
COLI-
FORMS 
./100 
ML 
660 
E 34 
E 56 
E 40 
790 
E 180 
E1800 
E 800 
262 
E 12 
E 2 
E 3 
E 4 
< 
E 26 
E 2 
E 20 
E 80 
E 20 
E 60 
FECAL 
STREP-
TOCOC-
CI 
./100 
I1L 
E 50 
E 52 
39 
E 60 
980 
E 180 
2100 
900 
88 
90 
E 7 
E 5 
E 5 
292 
410 
E 280 
E 700 
E 60 
600 
260 
m 
o 
Table 38. Water cuality data for Fish Haven Creek, Fish 
Lake. April 24, 1981 to June 22, 1982). Haven watershed, Idaho. Tributary to Bear 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALI'. BIDITY PENDED PHOS PHOS PERSUL- COl 1- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
YR/MO/DA CFS C MGIL MGIL NTU MGIL UG/L UG/L UGIL MG/L UG/L MGIL MGIL ./100 ./100 ./100 
ML ML ML 
810424 1170 408 1 . 9 12.0 8 . :) 163 2 . 3 17. 2 17 26 87 0.091 9 1 . 12 3. 6 '1:)0 50 E 20 
810508 1413 408 0 . 2 11. 0 9 . 8 8 . 8 171 2 . 1 3 . 4 26 30 45 0 . 057 3 0 . 0:) 3.4 E ::'30 E ~o E 32 
810520 1002 408 11. :) 9 . 1 8 . 0 170 1 . 9 3 . 0 44 72 370. 074 0 4.0 8:)0 
810009 17:)3 408 O. 2 14. 5 9 . 0 8 . 0 257 1 . 2 8.2 49 73 b'I. O. 734 0 4. 0 E 200 E 40 170 
* 810623 
810707 
810721 
810804 
810818 
810901 
811006 
811103 4439 408 1.2 6 . 0 9 . 1 8 . 5 196 5 . 8 49. 2 10 72 19 0 . 067 3 0 . 43 2. 7 100 E 8 300 
811201 4788 408 1.0 0 . 5 10. 0 8 . 5 202 O. 5 0.0 14 14 8 O. 110 11 0 . 00 O. 5 40 E 6 108 
820119 244 408 2. 4 1. 0 10. 5 8 . 5 189 O. 5 O. 0 15 2 7 32 O. 195 3 0 . 00 1.2 45 E 40 E 15 
820209 507 408 2. 5 - 0 . 5 9. 5 8 . 4 190 O. 0 O. 0 15 19 19 0 . 224 0 . 00 0.7 E 8 <: 1 E 2 
820218 734 408 2 . 5 4 . :; 10. 4 8 . 5 177 O. b 1.2 21 41 11 O. 139 O. 05 O. 5 
820302 813 408 1 . 5 2 . 0 10. :) 8 . 6 180 1 . 3 2 . 0 7 46 15 O. 198 2 0 . 00 1. 2 E 10 E 2 220 
820406 1228 408 2 . 6 2 . 0 10. 4 8 . 0 192 O. S 2 . 8 0 0 11 O. 178 2 0 . 00 O. :) 300 E :; E 30 
820420 1372 408 5. 2 4.5 10. 8 8 . 5 194 1 . 1 8 . 0 6 40 18 0 . 227 3 0 . 13 1. 5 E 12 E 20 72 
820504 1:)30 408 53. 8 5.5 9 . 9 8 . 0 131 17. 0 74. 0 33 92 26 0 . 106 1'1 O. 57 E 200 < 1 E 500 
820518 1700 408 50. 4 O. 5 9 . 8 8 . 3 120 8 . 8 24. 0 23 104 8 O. 158 2 O. 12 4. 2 E 120 E 10 E 300 
82C·608 1915 408 54 . 8 5 . 5 10. 1 8 . 3 115 4 . 3 0 . 4 22 42 24 0 . 099 1 0 . 10 3. 2 E 00 E 700 E 120 
820622 2218 408 47 . 0 10. 5 9 . 9 8 . 0 119 3 . :; 7 . 0 19 24 170. 07:) 1 O. 10 2. 8 E 80 < E 80 
* No flow . from June 23, 1981 to October 6, 1981. 
(J-., 
Table 39. Water quality data for Fish Haven return flow pipe (FHRN), Fish Haven watershed, Idaho. 
Discharges into Bear Lake. (April 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- OR THO TOTAL NH3-N N03-N N02-N TKN TOC TOTAL FECAL FECAL 
NO . NO. TEMP ALK BID ITV PENDED PHOS PHOS PERSUL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
VR/MO/DA CFS C MG/L MG/L NTU t'\G/L UG/L UG/L UGIL tlG/L UG/L MG/L t'IG/L 41/100 41/100 41/100 
tiL tiL ML 
* 810424 
810508 
810526 
810609 1735 442 0 . 006 8 . 4 322 0 . 3 5. 9 17 22 582.998 1 0 . 05 2.0 
810623 1961 442 12.0 7.2 8.3 311 0.3 0.0 15 15 61 O. 819 1 0 . 04 1. 5 E 2 E 2 E 2 
810707 2360 442 0 . 013 12. 0 8 . 3 302 0 . 3 8 . 4 17 26 38 1. 189 1 o. 12 1. 1 E 2 < 1 E 6 
810721 2564 442 0 . 012 13. 0 6.9 8 . 2 307 O. 1 0 . 0 18 50 24 1. 529 1 1. 2 
810804 2820 442 0.007 15. 0 6. 1 8 . 5 305 o. 1 2 . 4 21 44 39 1. 159 1 1. 3 E 40 E 20 10 32 
810818 3202 442 0 . 004 15. 0 7 . 8 8 . 1 285 0.6 0.0 30 240.709 1 0 . 07 1.6 204 E 120 E 40 
810901 3533 442 0 . 002 14. 5 7 . 1 8 . 0 318 0 . 3 0 . 8 11 18 O. 800 0 1.0 E 68 < 
** 
811006 
81 t 103 
811201 
820119 
820209 
820218 
820302 
820406 1229 442 0 . 013 3 . 5 7.6 8 . 4 267 o. 6 1.0 10 37 130.649 O. 7 
820420 1373 442 0 . 015 5 . 0 8 . 9 7 . 9 273 o. 6 O. 4 13 28 17 1. 139 0 . 65 1. 5 < 1 < 1 E 20 
820504 1531 442 0 . 016 6 . 0 8 . 2 8 . 3 270 0 . 2 2 . 8 12 18 25 O. 789 O. 06 1. 1 < 1 <: 1 E 2 
820518 1707 442 0 . 019 8 . 0 7 . 8 7.9 281 O. 4 1.0 12 16 00. 879 1. 3 < 1 < 1 E 10 
820608 1916 442 0 . 030 7 . 5 7 . 4 7 . 0 291 O. 5 0 . 0 17 20 13 1. 579 0 . 22 2 . 0 E 40 < 1 < 1 
820622 2219 442 0.042 10.0 0 . 8 8 . 3 288 O. 4 O. 4 0 19 1. 2'9 0 . 05 0. 9 E 10 E 20 E 90 
* 
Not sampled until June 9, 1981. 
** No flow from October 6, 1981 to March 2, 1982. 
C'I 
N 
Table 40. Water quality data for Fish Haven return flow pipe (FHRA) , Fish Haven watershed, Idaho. 
Discharges into Bear Lake. (Apri 1 24, 1981 to June 22, 1982) . 
DATE LAB SITE FLOW WATER D. O. pH TOTAL TUR- SUS- ORTHO TOTAL NH3-N N03-N N02-N TKN TO: TOTAL FECAL FECAL 
NO . NO. TEMP ALK BIDITV PENDED PHOS PHOS PERSUL- COLI- COLI- STREP-
AS SOLIDS P04-P FATE FORMS FORMS TOCOC-
CAC03 METHOD CI 
YR/MO/DA CFS C MG/L MG/L NTU MG/L UG/L UG/L UGIL MG/L UG/L MG/L MG/L ./100 ./100 ./100 
ML ML ML 
* 810424----
810508 
810526 
810609 1736 443 0.004 8 . 4 327 1.4 3.3 16 38 43 0 . 289 1 0 . 11 1. 4 
810623 1960 443 11 . 0 7.2 8 . 1 331 0 . 2 0 . 0 20 20 2~ O. 119 1 O. 13 1. 9 < < 1 < 1 
810707 23~9 443 0 . 005 12. 0 8 . ~ 362 0 . 3 1.4 36 42 42 0 . 372 8 O. 16 2. 0 C 5000 Elll0 
810721 2562 443 O . OO~ 13. 0 6 . 0 8 . 0 407 0 . 2 2 . 0 9 24 19 O. 119 1 O. 10 2., E1060 E 20 E 104 
810804 2817 443 0 . 003 1'. 0 ' . 8 8 . ~ 399 O. ~ 2 . 4 , 30 39 0 . 009 1 0.20 2.6 680 < 1 < 1 
810818 3203 443 0 . 001 15 . ~ 6 . 4 7 . 6 391 13. 0 2 . 4 3 96 31 0 . 049 1 O. 15 3 . 0 84 < 1 < 1 
810901 3535 . 443 0 . 002 14. 5 6 . 1 7 . 5 404 8 . 3 6 . 8 4 94 13 0 . 009 1 2. 8 E 24 < 1 
** 811006 
81 1103 
811201 
820 119 
82020 9 
820218 
820302 
820406 
820420 
820504 
820518 
820608 
820622 2220 423 0 . 009 10 . ~ 4.8 8 . 0 314 0 . 3 2 . 4 0 18 4 . 96~ 30 O. 73 3. 6 
* Not sampled until June 9, 1981. 
** No flow from October 6, 1981 to June 8, 1982. 
O'l 
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Table 41. Water quality data for Fish Haven return flow pipe (FHRS), Fish Haven watershed, Idaho. 
Discharges into Bear Lake. (April 24, 1981 to June 22, 1982). 
DATE LAB SITE 
NO . 
YR/MO/DA 
* 810424 
810~08 
810~26 
810609 1737 
810623 1959 
810707 2361 
810721 2~63 
810804 2815 
810818 3204 
81 0901 3536 
** 811006 
811103 
811201 
820119 
820209 
820218 
820302 
820406 
820420 
820:104 
820:118 
820608 
820622 
NO. 
444 
444 
444 
444 
444 
444 
444 
FLOW WATER D. O. pH 
TEMP 
CFS C I1G/L 
8 . 0 9 . 4 8 . 4 
12. 0 6. 0 8 . 0 
0.002 13. 0 8 . ~ 8 . ~ 
0 . 002 15. 0 4 . 6 8 . 2 
0.002 15. 0 5 . 4 8. 5 
0 . 001 16. 0 4 . 7 7 . 6 
O. 001 14. 5 3.8 7 . 7 
* Not sampled until June 9, 1981. 
TOTAL TUR- SUS-
ALK BIDITY PENDED 
AS SOLIDS 
CAC03 
I1G/L NTU /'\GIL 
257 O. 4 3 . 0 
292 1.4 2 . 8 
299 O. 6 3 . 6 
311 0.2 4 . 0 
313 O. 3 4 . 4 
294 0 . 1 0 . 6 
292 0 . 2 3 . 6 
** No flow from October 6, 1981 to June 22, 1982. 
ORTHO TOTAL NH3-N N03-N N02- N 
PHOS PHOS 
P04-P 
UQ/L UG/L UGIL /'\GIL UG/L 
22 30 61 0 . 299 1 
16 47 28 1. ~69 1 
25 40 39 1. 370 1 
17 24 19 O. 819 1 
16 46 22 0 . 856 4 
10 10 36 0 . 389 1 
23 34 1~ O. 589 1 
TKN TOC TOTAL FECAL FECAL 
PERSUL- COLI- COLI- STREP-
FATE FORMS FORMS TOCOC-
METHOD CI 
MGIL I1G/L *1100 */100 */100 
I1L I1L I1L 
O. 5 
0 . 24 2. 0 < 1 < 1 E 4 
O. 06 3. 1 52 E 14 E 10 
1. 0 76 E 10 E 10 
1. 6 104 84 < 1 
0 . 06 1. 2 E 80 E 36 E 8 
2 . 4 144 53 
O'l 
+:> 
Appendix B 
Fortran Computer Program Used to 
Create Water Quality Data Files 
Which Appear in Appendix A 
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Table 42. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1~00 
1600 
1700 
1800 
1900 
2000 
2100 
2200 ~o 
2300 
2400 
2~00 
260C< 100 
2700 
280C< 
2900 
3000 
3100 
3200 150 
3300 
3400 
3~00 
3600 
3700 200 
3800 
3900 
4000 
4100 2~0 
4200 
4300 
4400 300 
4~00 
4600 
4700 
4800 
4900 
5000 330 
5100 
5200 350 
5300 
5400 
5500 
5600 
5700 
5800 
5900 
6000 
6100 37~ 
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Fortran computer program used to create water quality data 
files which appear in Appendix A. 
DIMENSION X(27) 
CHARACTER *12 FILNAME 
CHARACTER *1 AA,BB,CC 
TYPE *, 'THIS PROGRAM CREATES A DATA FILE USING THE FORMAT' 
TYPE *, 'OF THE DATA SUMMARY SHEETS FOR ~ACH INDIVIDUAL' 
TYPE *, 'SAMPLING SITE. THE SITE LOCATION CODE IS USED' 
TYPE *, 'TO SPECIFY THE FILENAME. FOR EXAMPLE: NES. DAT' 
TYPE *, 'IS USED FOR NORTH EDEN CREEK DA1A. THE PROGRAM' 
TYPE *, 'IS DESIGNED TO DIRECT THE TERMINAL USER TO ENTER' 
TYPE *, 'DATA FROM THE DATA SUHHARY SHEETS' 
TYPE *, ' IF NO DATA VALl.'E IS GIVEN, ENTER -9 OR - . 9 ' 
TYPE *, ' IF THE DATA IS GIVEN AS <1, ENTER 0' 
TYPE *, ' IF THE DATA IS GIVEN AS <:2, ENTFR l' 
TYPE *, ' ENTER FILE NAME' 
READ (*,~O) FILNAME 
FORMAT (A) 
OPEN (UNIT = 12, FILE=FILNAME, STATUS= ' NEW') 
WRITE (12,100) 
FORMAT (lX, 'DATE',6X, 'LAB'lX, 'SITE',3X, ' FLOW' , lX, 'WATER',lX, 
l ' D. O. ',3X, 'pH',2X, 'TOTAL', lX, 'TUR- ' ,3X, ' SUS-',4X, 
2 'ORTHO', 1 X, 'TOTAL', 2X, ' NH3-N', lX, 'N03-N', lX, 'N02-N', 
32X, 'TKN',5X, 'TOC',2X, ' TOTAL ',2X, 'FECAL',2X, 'FECAL') 
WRITE (12,150) 
FORMAT (11X, 'NO. ',lX, 'NO. ',9X, 'TEMP', 13X, 'ALK',3X, ' BIDITY ', 
llX, 'PENDED', 2X, 'PHOS', 2X, 'PHOS', 22X, 'PERSUL-', 6X, 
2'COLI-',2X, 'COLI-',2X, 'STREP-') 
WRITE (12,200) 
FORMAT (44X, 'AS', l1X, 'SOLIDS ',2X, 'P04-P "27X, 'FATE',9X, 
l'FORMS'.2X. 'FCRMS'.2X, 'TOCOC-') 
WRITE (12.2~0) 
FORMAT (44X. 'CAC03', 48X. ·METHOD',21X. 'C I') 
WR ITE (12,300) 
FORMAT (lX, 'YR/MO/OA', 14X, 'CFS', 5X. 'C', iX. 'MG/L', 7X, 'MG/L'. 
12X. 'NTU', 4X, 'MG/L', 4X, 'UG/L', 2X, 'UG/L ' . 3X, 'UG/L', 2X, 
2'MG/L',2X, 'UGlL',3X. 'MG/L'. 4X, 'MG/L', lX, ' ./I00',2X. 
3'./I00'.2X, ' .1100') 
WRITE (12,330) 
FORMAT (113X. 'ML',5X, 'ML'.5X, 'i'lL') 
TYPE *, 'ENTER DATE IN THE FORM YEAR/MONTH/DAY: 999999' 
READ (*,*) MATE 
TYPE *, 'IF DATA EXISTS. ENTER l' 
TYPE *. 'IF NO DATA IS GIVEN FOR THAT DATE. ENTER 0' 
READ (*,*) LINE 
IF (LINE. EG. 1) GO TO 380 
WRITE (12.375) MATE 
FORMAT (3X.I6) 
Table 42. 
6200 
6300 380 
6400 
6~00 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7:500 
7600 
7700 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8~00 
8600 
8700 
8800 
8900 
9000 
9100 
9200 
9300 
9400 
9500 
9600 
9700 
9800 
9900 
10000 
10100 
10200 
10300 
10400 
10~00 
10600 
10700 
10800 
10900 
11000 
11100 
11200 
11300 
11400 
11500 
11600 
11700 
11800 
11900 
12000 
12100 
12200 
Continued. 
GO TO 350 
TYPE *. 'ENTER LAB NO. IN THE FORM 9999' 
READ <*,*1 LAB 
TYPE *. 'ENTER SITE NO. IN THE FORM 4 __ 
READ <*. *1 NITE 
TYPE *. 'ENTER FLOW IN THE FORM 9999. 9' 
READ <*.*1 FLOW 
TYPE *. 'ENTER TEMP IN THE FORM + OF - 99. 9' 
READ <*.*1 TEMP 
TYPE *. 'ENTER D. O. IN THE FORM 99. 9' 
READ <*.*1 DOX 
TYPE *. 'ENTER pH IN THE FORM 9 . 9' 
READ <*.*1 PH 
TYPE *. 'ENTER ALK IN THE FORM 999' 
READ <*.*1 LALK 
TYPE *. 'ENTER TURBIDITY IN THE FORM 999 . 9' 
READ <*.*1 TURB 
TYPE *. 'ENTER SUSPENDED SOLIDS IN THE FORM 999. 9' 
READ 
TYPE 
READ 
TYPE 
READ 
TYPE 
READ 
TYPE 
READ 
TYPE 
(*,*' SS 
*. 'ENTER ORTHO (., .> NOR THO 
*. 'ENTER TOTAL 
(*, *) LTOTAL 
*. 'ENTER NH3-N 
<*.*1 NH 
*. 'ENTER N03-N 
<.,.' ONNN 
*. 'ENTER N02-N 
READ <*,*1 NNO 
P 
P 
IN 
IN 
IN 
IN THE FORM 999' 
IN THE FORM 999' 
THE FORM 9999' 
THE FORM 9.999' 
THE FORM 99' 
TYPE * •. 'ENTER TKN-PERSULFATE IN THE FORM 9 . 99' 
READ <*.*1 TKNP 
TYPE *, 'ENTER TOC IN THE FORM 99.9' 
<*.*1 TOC READ 
TYPE 
READ 
TYPE 
TYPE 
TYPE 
TYPE 
READ 
*. 'ENTER TOTAL 
<*.*1 ITC 
COLIFORMS IN THE FORM 9999' 
* •• IF VALUE IS 
*. 'IF VALUE IS 
*. 'IF VALUE IS 
*. ' IF VALUE IS 
<*, '<AI'I AA 
ESTIMATED. ENTER E' 
o I OR < <: I • ENTER :. 
TNTC. ENTER T' 
CONFLUENT. ENTER C' 
OR < RESPECTIVELY' 
TYPE *. 'ENTER FECAL COLIFORMS IN THE FORM 9999' 
READ <*. * I IFC 
TYPE *. 'IF VALUE IS ESTIMATED. ENTER E' 
TYPE *. 'IF VALUE IS 01 OR «I, ENTER:> OR ( RESPECTIVELY' 
TYPE *. ' IF VALUE IS TNTC, ENTER T' 
TYPE *. 'IF VALUE IS CONFLUENT. ENTER C' 
READ <*. ' <AI' I BB 
TYPE *. 'ENTER FECAL STREPTOCOCC I IN THE FORM 9999' 
READ <*. *1 IFS 
TYPE *. ' IF VALUE IS ESTIMATED. ENTER E' 
TYPE *. 'IF VALUE IS <>1 OR «I. ENTER> OR ( RESPECTIVELY' 
TYPE *. 'IF VALUE IS TNTC. ENTER T' 
TYPE *. ' IF VALUE IS CONFLUENT. ENTER C' 
READ <*. '<AI 'I CC 
WRITE <12.9001 MATE. LAB. NITE. FLOW. TEMP. COX. PH. LALK. TURB. 
lSS.NORTHO.LTOTAL.NH.ONNN.NNO.TKNP.TOC.AA. ITC.BB. IFC. 
2CC. IFS 
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Table 42 . 
12300 
12400 qOO 
12:)00 
12600 
12700 
12800 
1~00 
13000 
13100 
13200 
13300 
13400 
13~00 q:lO 
Continued. 
FORMAT(3X. 16. lX. 14. 2X. 13. lX. F6. 1. lX. F:l . 1. lX. F4 . 1. 2X. F3 . 1. 
14X. 13. 2X. F:l . 1. 2X. F:l . 1. 4X. 13. 3X. 13. 3X. 14. lX. F:l . 3. 4X. 
2I2.:lX.F4. 2. lX.F4 . 1. lX.A. I4.2X.A. I4.3X.~ (4) 
TYPE * •• IF THE FILE IS COI'FLETED. ENTER O' 
TYPE *. 'IF YOU STILL HAVE DATA TO ENTER' 
TYPE *. 'HANG IN THERE AND ENTER l' 
READ (*.*) ANS 
IF (ANS. EG . O) GO TO q:lO 
IF (ANS.EG. 1) GO TO 3~0 
END 
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Appendix C 
Fortran Computer Program Used to 
Calculate Tributary Constituent 
Loading for Sampling Years 
One and Two 
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Table 43. 
100 
~oo 
300 
400 
~oo 
600 
700 
800 
900 
1000 
1100 
1200 
1300 ~o 
1400 
1~00 
1600 
1700 60 
1800 
1900 
~OOO 
~100 
~200 
2300 
~400 
2500 
2600 
~700 
~OO 
2900 
3000 
3100 7~ 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 125 
4200 
4300 
4400 
4500 120 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5300 
5400 
5500 
5600 
5700 
5800 
~900 7 
6000 
6100 
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Fortran computer program used to calculate stream 
constituent loading (kg/yr) for sampling year one (April 
24, 1981 to April 24, 1982) and sampling year two (June 23, 
1981 to June 23, 1982). 
DIMENSION DATE(23). CFS(23). DAYS(23) . CONC(23). DAILY(~3) 
INTEGER DATE. DAYS. CONC 
REAL DAILY. LOAD. TOTAL 
CHARACTER *1~ FILNAME. NEWFILE 
TYPE*. 'THIS PROGRAM CALCULATES THE LOADING (KG/YR) FOR' 
TYPE *. ·TSS. TP. P04-P. N03-N. N02-N. NH3-N. TKN.AND TOC' 
TYPE *. 'FOR SAMPLING YEAR ONE AND SAMPLING YEAR TWO' 
TYPE*. 'ENTER FILE NAME IN THE FORM SITE. NUT' 
READ (*.50) FILNAME 
FORMAT (A) 
TYPE*. 'ENTER FILE NAME FOR RESULTS IN THE FORM SITE. LOD' 
READ (*.60) NEWFILE 
FORMAT (A) 
OPEN (l . FILE ~ FILNAME. STATUS = 'OLD') 
OPEN (3.FILE - NEWFILE. STATUS - 'NEW·.CARRIAGECONTROL- ' LIST·) 
TOTAL = 0 
CONV = ~ . 44658 IF CONC UNITS ARE MG/L 
CONV - 0 . 00244658 IF CONC UNITS ARE UG/L 
WRITE (3. 1~0) 
DO 75 1-1.23 
READ(1.100) DATE<I). DAYS(I). CFS(I)' CONC(I) 
CONTINUE 
DO 125 .)-1.23 
IF( (CFS(') . EG . 0) . OR . (CONe (.) . EG. 0) )THEN 
DAILY(.) - 0 
GO TO 12~ 
END IF 
DAILY(.) - CFS(') * CONC(') * CONV 
CONTINUE 
.) • 1 
LOAD - (ABS(DAILY(.)+l)-DAILY(J»)*DAYS(J)*O. 5 
TOTAL = TOTAL + LOAD 
IF(DAILY(J+l) . GE . DAILY(J» THEN 
END IF 
LOAD - (DAILY(J)*DAYS(.)) 
TOTAL - TOTAL + LOAD 
GO TO 7 
LOAD - (DAILY(.)+l)*DAYS(.)) 
TOTAL = TOTAL + LOAD 
GO TO 7 
WRITE(3.200) DATE('). DAILY(.). DAILY(J+l). DAYS(J) . TOTAL 
Table 43. 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7:)00 
7600 
7700 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8::100 
8600 
8700 
8800 
8900 
9000 
9100 
9200 
9300 
9400 
9::100 
9600 
9700 
9800 
9900 
10000 
10100 
10200 
10300 
10400 
175 
600 
130 
8 
400 
100 
1::10 
200 
2::10 
300 
Continued. 
IF(~ . EG . 19) GO TO 17::1 
GO TO 120 
~ - 19 
LOAD = DAILY(19)*4 
TOTAL ,. TOTAL + LOAD 
GO TO 600 
WRITE 13.2::10) 
WRITE 13.300) TOTAL 
TOTAL - 0 
WRITE 13.1::10) 
,) - ::I 
LOAD - IABSIDAILYI~+1)-DAILYI~»)*DAYSI,)*0. ::1 
TOTAL - TOTAL + LOAD 
IFIDAILY(')+l) . GE.DAILYI~» THEN 
END IF 
LOAD - DAILY(,)* DAYS(,) 
TOTAL - TOTAL + LOAD 
GO TO 8 
LOAD = DAILYI~+l)*DAYS(') 
TOTAL = TOTAL + LOAD 
WRITEI3.200) DATEI~).DAILY('). DAILYI')+1). DAYS(~). TOTAL 
~ ,. ~ + 1 
IFI~ . EG.23) GO TO 400 
GO TO 130 
~ - 23 
LOAD-DAILY(23)*2 
TOTAL - TOTAL + LOAD 
WRITE 13.2::10) 
WRITE 13.300) TOTAL 
STOP 
FORI'IAT(3X. 16. 8X. 12. F7. 1. :)3X. 14) 
FORI'IAT!3X. 'DATE'. 8X. 'DAILY'. 8X. ·DAILY'. 2X. ' DAYS'. lOX. ' SUBTOTAL') 
FORI'IATI1X. 16. 1X.F12. 2. 1X.F12.2.4X. 12.4X.F14.2) 
FORI'IAT 119X. 'TOTAL: ( SPECIFIC CONSTITUENT)') 
FORI'IAT 113X.F1::1 . 1) 
END 
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Appendix 0 
Fortran Computer Program Used to Calculate 
the Net Constituent Loading Entering Bear 
Lake Via Lifton Station, Idaho for 
Sampling Years One and Two 
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Table 44. 
100 
200 
300 
400 
~oo 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2~00 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
~OOO 
~100 
~200 
~300 
~OO 
~500 
5600 
5700 
5800 
5900 
6000 
6100 
50 
60 
7~ 
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Fortran computer program used to determine the net 
constituent loading (kg/yr) entering Bear Lake via Lifton 
Station, Idaho for sampling year one (April 24, 1981 to 
April 24, 1982) and sampling year two (June 23, 1981 to 
June 23, 1982). 
DIMENSION DATE(24). CFS(24) . DAYS(24 ). CONC(24) . DAILY(24) 
INTEGER DATE. DAYS. CONC 
REAL DAILY . LOAD. TOTAL 
CHARACTER *12 FILNAME. NEWFILE 
TYPE *. 'THIS PROGRAM CALCULATES THE NET LOADING ENTERING ' 
TYPE *. 'BEAR LAKE VIA LIFTON STATION FOR TSS. TP. P04-P.' 
TYPE *. 'N03-N. N02-N. NH3-N. TKN. AND TOC OVER SAMPLING' 
TYPE *. 'YEAR ONE AND SAMPLING YEAR TWO. ' 
TYPE*. ' ENTER FILE NAME IN THE FORM SITE. NUT' 
READ (*. 50) FILNAME 
FORMAT (A) 
TYPE*. ' ENTER FILE NAME FOR RESULTS IN THE FORM SITE. LOD ' 
READ (*. 60) NEWFILE 
FORMAT (Al 
OPEN (l.FILE & FILNAME. STATUS - ' OLD ') 
OPEN (3.FILE & NEWFILE. STATUS - 'NEW ' .CARRIAGECONTROL-'LIST ' ) 
TOTAL - 0 
CONV - 2 . 44658 IF CONC UNITS ARE MG/L 
CONV - o. 002446~8 IF CONC UNITS ARE UG / L 
WRITE (3. 150) 
DO 75 1-1. 24 
READ(1.100) DATE(l) . DAYS(Il . CFS(Il. CClIIC(I) 
CONTINUE 
DO 125 ,)=1.24 
IF ( (CFS (,) l. EG. 0) . OR . (CONC (,) . EG. 0) lTHEN 
DAILY(,) - 0 
GO TO 12~ 
END IF 
DAILY(,) = CFS(,) * CONC(,) * CONV 
125 CONTINUE 
120 
,) - 1 
IF( (DAILY(')+l). LT. 0), OR. (DAILY(,) ). LT. 0» THEN 
LOAD - 0-(ABS(DAILY ( ,)+1)-DAILY(,)*DAYS(,))*0.5) 
TOTAL - TOTAL + LOAD 
IF(DAILY(')+11. LT. DAILY(,)) THEN 
LOAD-(DAILY(,)*DAYS(,)) 
TOTAL - TOTAL + LOAD 
GO TO 7 
END IF 
LOAD z DAILY(,J+l)*DAYS(,) 
TOTAL - TOTAL + LOAD 
GO TO 7 
END IF 
LOAD & (ABS(DAILY(,)+l)-OAILY(,))*DAYS ( ,J)*O. ~ 
TOTAL = TOTAL + LOAD 
IF(DAILY(')+l) . GE . DAILY(')) THEN 
LOAD = (DAILY(,)*DAYS(,)) 
Table 44. 
6200 
6300 
6400 
6:500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 7 
7300 
7400 
7:500 
7600 
7700 17:5 
7800 
7900 
8000 
8100 
8200 
8300 
8400 600 
8500 
8600 
8700 
8800 
8900 
9000 130 
9100 
9200 
9300 
9400 
9:500 
9600 
9700 
9800 
9900 
10000 
10100 
10200 
10300 
10400 
10:500 
10600 
10700 
10800 
10900 
11000 
11100 
11200 8 
11300 
11400 
11:500 
11600 400 
11700 
11800 
11900 
12000 
12100 
12200 
Continued. 
TOTAL - TOTAL + LOAD 
GO TO 7 
END IF 
LOAD - (DAILY(~+l)*DAYS(~» 
TOTAL - TOTAL + LOAD 
GO TO 7 
WRITE(3.200) DATE(~). DAILY(~). DAILY(~+l). DAYS(~). TOTAL 
~ .. ~ + 1 
IF(~.EG . 20) GO TO 17:5 
GO TO 120 
~ = 20 
LOAD 2 DAILY(20)*4 
TOTAL z TOTAL + LOAD 
GO TO 600 
WRITE (3.250) 
WRITE (3.300) TOTAL 
TOTAL - 0 
WRITE (3.1:50) 
~ - :5 
IF( (DAILY(~+ll. LT. 0), OR . (DAILY(~l. LT . 0» THEN 
LOAD 2 O-(ABS(DAILY(~+l)-DAILY(~»)*DAYS(~)*O.:5 
TOTAL - TOTAL + LOAD 
IF(DAILY(~l) . LT. DAILY(~» THEN 
LOAD - (DAILY(~)*DAYS(~» 
TOTAL - TOTAL + LOAD 
GO TO 8 
END IF 
LOAD = DAILY(~+l)*DAYS(~) 
TOTAL - TOTAL + LOAD 
GO TO 8 
END IF 
LOAD .. (ABS(DAILY(~+l)-DAILY(~»)*DAYS(~)*O.:5 
TOTAL = TOTAL + LOAD 
IF(DAILY(~+l) . GE . DAILY(~» THEN 
END IF 
LOAD - DAILY(~)* DAYS(~) 
TOTAL - TOTAL + LOAD 
GO TO 8 
LOAD & DAILY(~+l)*DAYS(~) 
TOTAL - TOTAL + LOAD 
GO TO 8 
WRITE(3.200) DATE(~).DAILY(~) . DAILY(~+l). DAYS(~). TOTAL 
~ - ~ + 1 
IF(~. EG . 24) GO TO 400 
GO TO 130 
~ so 24 
LOAD-DAILY(24)*2 
TOTAL = TOTAL + LOAD 
WRITE (3 . 2:50) 
WRITE (3.300) TOTAL 
STOP 
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Table 44. 
12300 
12400 100 
12:500 1:50 
12600 200 
12700 2:50 
12800 300 
12900 
13000 
Continued. 
FORMAT(3X. H .. ex. 12. F7. 1. 41X. 13) 
FORMAT(3X. 'DATE'. ex. 'DAILY'. ex. ·DAILY·. 2X. ·DAYS'. lOX. 'SUBTOTAL') 
FORMAT(lX. 16. lX,F12. 2. 1X.F12.2.4X. I2.4X.F14. 2) 
FORMAT (19X, 'TOTAL: ( SPECIFIC CONSTITUENT ).) 
FORMAT (13X. Fl:5. 1) 
END 
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